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There has been a steady increase in the consumption 
0 citric acid during the past 25 years. An estimate by 
(Cochrane (1948) places annual manufacture at approxi- 
nately 35 million pounds. Commercial production of 
«trie acid is reputedly based on fermentation by As- 
p rgillus niger of a suitable grade of beet syrup in shal- 
low pans. A submerged process appears to be highly 
desirable, and many articles and patents (Perquin, 
1938; Karow, 1942; Sziics, 1944; Waksman and Karow, 
1946; Karow and Waksman, 1947; Shu and Johnson, 
1948a, b; Perlman, 1949; Schweiger and Snell, 1949; 
and Snell and Schweiger, 1949) have appeared in this 
field. Proposed procedures all require a source of highly 
purified carbohydrate and in most cases also the use of 
oxygen for aeration. Large-scale production of citric 
acid in submerged culture has not been reported. Sev- 
eral improvements in the submerged culture process 
are needed. These include the use of less inoculum, 
greater fermentation speed, and the use of crude, cheap 
carbohydrate sources. 

Investigations on these problems have been in prog- 
ress for several years in the Fermentation Division of 
this laboratory. It was discovered in the course of the 
work that the use of low molecular weight aleohqls— 
methanol, ethanol or isopropanol—as adjuncts to the 
culture medium greatly increased citric acid produc- 
tion in both surface and submerged culture.2 Such use 
has made it possible to ferment directly crude carbo- 
hydrate substrates which other investigators have 
found necessary to purify, especially for use in sub- 
merged culture. This paper deals with the nature of 
the aleohol stimulation as related to the presence of 
trace elements as well as to initial acidity of the medium 
and to the quantity of inoculum used. 


GENERAL METHODS 


The strains of the Aspergillus niger group of molds 
used were obtained from the Northern Regional Re- 
search Laboratory’s Collection. 


1 One of the laboratories of the Bureau of Agricultural and 
I dustrial Chemistry, Agricultural Research Administration, 
U.S. Department of Agriculture. 

2 The April 10 issue of Chemical Abstracts, 1951, carries an 
aostract of a paper by Sakaguchi and Baba showing that 
e hanol and methanol slightly increased citric acid yields. 
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Surface cultures consisted of 50 ml portions of me- 
dium inoculated with dry ungerminated spores in 200 
ml Pyrex Erlenmeyer flasks. 

Submerged cultures consisted of 100 ml of medium 
including alcohol adjunets and inoculum in 300 ml 
flasks. The given alcohol was added to the cool sterile 
medium just prior to inoculation. Inoculations were 
made with a suspension of germinated spores. Flask 
cultures were shaken either on a Ross-Kirshaw machine 
at 150 rpm or on a Gump shaker at 200 rpm. All cul- 
tures were incubated at 30 C unless otherwise indicated. 

Nutrient salts were of C. P. grade. The corn steep 
liquor was a commercial grade containing about 50 
per cent solids. The glucose was the ordinary commer- 
cial variety known as Cerelose® or Clintose® containing 
about 10 per cent water and considered to be glucose 
monohydrate. The sucrose was a commercial grade of 
high purity. Absolute ethanol and a synthetic grade 
of methanol were used. 

Measurements of pH were made with a glass elee- 
trode. The cultures were harvested by pouring the 
mycelium and fermented liquor onto a muslin cloth 
strainer. The mycelium was squeezed by hand and 
then placed back into the flask with 50 or 100 ml of 
distilled water for surface or submerged cultures, re- 
spectively. This mixture of water and mycelium was 
heated to boiling and again squeezed through the cloth 
strainer. The two lots of liquid were combined and 
made up to the desired volume. Aliquots were taken 
for volumetric titration with 0.1 N alkali. Phenolphtha- 
lein was used as indicator. The mycelium was dried 
to constant weight at 90 C. Citric acid was determined 
by the methods employed by Wells ef al. (1936), and 
oxalic acid was determined as calcium oxalate precipi- 
tated with CaCl: Glucose was determined by the 
Shaffer-Hartmann (1921) method and sugars reported 
on an anhydrous basis. Sporulation was estimated under 
a scoring system where a value of 5 represents a uni- 
form heavy crop of spores. 


3’ The mention of products does not imply endorsement or 
recommendation by the Department of Agriculture over other 
products of a similar nature not mentioned. 


EXPERIMENTAL RESULTS 
Surface Cultures 


The best visible characteristic of a surface culture 
producing high yields of citric acid is little or no 
sporulation. Clark (1899) found that a medium con- 
taining 0.25 N ethanol stimulated mycelial develop- 
ment and greatly inhibited sporulation in cultures of 
A. niger. He made no fermentation studies and of- 
fered no suggestion that ethanol might have an effect 
on citric acid production. 

The effect of 1, 2, and 3 per cent methyl, ethyl, and 
isopropyl aleohols on the production of citric acid by 
A. niger NRRL 567 in surface culture is shown in table 
1. With methanol, marked stimulation of citric acid 


TaBLe 1. Effect of methyl, ethyl and isopropyl alcohols on the 
production of citric acid by A. niger NRRL 567 
in surface cultures 


| | og | 
AMOUNT | 0.1 ACID | GLUCOSE 


ALCOHOL OF PRODUCED | CONSUMED | pony SPORE 
GROWTH CONSUMED | 
None | O 10 1.22 5.10 — 5 
Isopropyl 1 64 1.10 | 4.94 | 8.2 | 4.5 
2 116 | 1.04 | 3.73 |. 20.0 | 4 
3 8 1.24 0 
Ethyl 9 | 1.20 — 
2 250 1.16 | 5.14 31.1 | 5 
3 333 1.03 | 3.99 52.9 | 1 
| 
Methyl 1 106 | «(1.17 | 
2 374 | (0.99 5.98 40.1 | 5 
3 630 «0.84 6.10 66.1 0 


Production medium, amounts per | liter: Glucose by analy- 
sis 126.0 g (6.3 g per culture); NH\yNOs, 1.75 g; KeSO,, 0.23 g; 
NH,H2POx,, 0.40 g; corn steep, 0.15 ml; ZnSO,-7H.0, 0.044 g. 

Initial pH: 2.9 by adjustment with HCl. 

Age at harvest: 6 days. 


production was obtained at a3 per cent and somewhat 
less at a 2 per cent level of the alcohol. Substantial 
increases were found with ethanol at 2 and 3 per cent. 
With methanol and ethanol at 3 per cent there was also 
a reduction in mycelial growth, a marked inhibition 
of sporulation, and an increase in the efficiency of the 
fermentation as judged from the amounts of sugar con- 
sumed. The least stimulating effect on acid production 
was obtained with isopropy! alcohol where pronounced 
toxicity was encountered. 

A large number of strains of the A. niger group were 
employed in a survey to determine the effect of various 
concentrations of methanol on the production of citric 
acid from sucrose. A portion of this survey is shown in 
table 2. Most of the strains showed a marked increase 
in total acid production and in fermentation efficiency. 
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A few strains gave only slight increases in yield; thes: 
strains appeared to have a very low tolerance for meth 
anol as indicated by weak and slow vegetative growth 
All strains produced a heavy crop of spores in culture: 
without methanol, whereas sporulation was complete! 
inhibited by 3 per cent methanol during the 8-da\ 
fermentation period, There was less mycelium, on thi 


TABLE 2. Effect of three per cent methanol on the production o 
citric acid from sucrose by various A. niger strains in 
surface cultures 


WEIGHT 
N AC 7 
| appen | | | ACIPON CRO! 
| CULTURE GROWTH | 
| % | ml | g % } Score 
NRRL67 1.38 37 black 5 
3 | 582 1.24 | 49 white, 0 
| | 
NRRL32 | 0 | 452 | 1.52 | 43 black | 5 
740 1.29 64.7 | white 0 
| 
NRRL 326 | 0 | 290 | 1.38 | 8.3 | black, 4 
3. | 496 1.37 46.0 | white 0 
| 
| 
NRRL 335 0 | 388 1.69 | 35 | black) 5 
| 3 818 1.34 | 65.5 | white) 0 
| 
NRRL 340 250 1.72 | 27.4 | black} 5 
| 3 | 740 41 63.9 | white 0 
NRRL350 | 0 | 202 | 1.64 | 28 | black| 5 
| 3 722 1.50 | 60.1 | yellow 0 
| 
| o | | 1.50 | 26 | binck| 5 
3 | 800 1.10 | 66.5 white 0 
NRRL 567 | 0 | 268 | 1.08 | 21 | black| 5 
Bt 0.95 yellow 0 
| 
| | | | | 
NRRL 6040 black 5 
3 722 | 1.01 64.6 yellow— 0 
| | 
NRRL 1736) 0 184 2.2 | 16 | tan | 5 
| 1.03 65.8 white 0 
| | | 
NRRL O 1.82 16 tan | 5 
2001* i131 | 45 white 0 


* Aspergillus wentii supplied by 8. A. Waksman. 
Production medium, amounts per 1 liter: Sucrose, 152.)) 
g (7.6 g per culture); MgSO,-7H.O, 0.50 g; KH2PO,, 0.15 ¢; 
NH,NOs, 1.5 g; corn steep, 6.0 ml; ZnSO,;-7H:0, 0.044 g. 
Initial pH: 4.1. 

Age at harvest: 8 days. 


dry basis, in the aleohol than in the control cultures. 
The color of the non-spore-bearing mycelium varied 
from white to a deep orange, depending upon the mold 
strain used. This production of pigment was not cor- 
related with ability to produce citric acid. 


Since the work of previous investigators (Bernhaue ° 


and Béckl, 1932; Foster, 1949) had shown that ethano! 
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ALCOHOL EFFECT ON CITRIC ACID PRODUCTION 


could be assimilated and even converted to citric acid, 
while methanol was not usually assimilated, compari- 
son of the two alcohols was extended. Varying amounts 
of either methanol or ethanol were added to a | per cent 
gl wose-nutrient salt medium. The various concentra- 
tions of methanol resulted in an increase in acid produc- 
tion, but there was no increase in mycelial growth. In 
ccutrast, there was a marked increase in growth in the 
ci ltures receiving up to 4 per cent ethanol. With both 
al ohols there was an increase in acid production only 
alver a definite toxic condition had developed as indi- 
ected by lack of sporulation and retarded mycelial 
growth. These facts indicate that ethanol but not 
mothanol can be utilized as a carbon source for mycelial 
growth. 

The favorable effect on citric acid production of a 
low initial pH of the medium has been reported by other 
investigators (Foster, 1949). In table 2 it is shown that 
good citric acid yields resulted with an initial pH as high 
as 4.1 when 3 per cent methanol was added to the 
production medium. A series of experiments was con- 
ducted to determine whether correlation exists between 
initial pH and the concentration of methanol required 
to stimulate citric acid production. Data presented in 
table 3 show that acidification alone had little effect 
toward increasing citric acid production or decreasing 
sporulation. In contrast, the stimulating action of meth- 
anol on citric acid production was very marked over 
a pH range of 1.95 to 3.1. At the higher pH value, 3 
per cent methanol was more effective than 2 per cent, 
whereas 2 per cent was more effective at the lower pH 
value. The lowered rate of acid production obtained 
with 3 per cent methanol at pH 1.95 appeared to be 
due to an unfavorable degree of toxicity. It is of in- 
terest to note that a substance giving a deep blue 
precipitate with iodine was detected in cultures having 
very low initial pH. This substance may be identical 
with that reported by Boas (1916) and by Steinberg 
(1940). 

Fermentation of glucose by A. niger in the presence 
of CaCO at an initial pH of 6.5 ordinarily leads to 
gluconic acid production (Moyer et al., 1940). The addi- 
tion of 3 to 4 per cent methanol to such a medium re- 
sulted in the complete inhibition of gluconic acid pro- 
duetion while high yields of citrie acid were produced. 
With 1 or 2 per cent methanol, a mixture of gluconic 
and citric acids was obtained. 


Submerged Cultures 


Culture maintenance and inoculum preparation. The 
s'ock cultures were maintained on Czapek’s agar slants. 
l'apid and heavy sporulation at 32 C was obtained 
\ith an agar medium containing beet molasses as 
follows: Commercial glucose, 30.0 g.; beet molasses, 
29.0 g; (NH4)eHPOs, 0.6 g; urea, 0.38 g; MgSO,-7H.0, 
0.13 g; KH2PO,, 0.15 g; KCI, 0.2 g; Fe-tartrate, 0.005 


g; MnSO,-4H.O, 0.02 g; CuSO,-5H.O, 0.005 g; corn 
steep liquor 3.0 g; tap water, 200 ml; CaCOs, 0.5 g; 
agar, 40.0 g; and distilled water to make | liter. This 
medium can be used in the conventional manner in 
slant tubes, Petri dishes, flasks, flat bottles, ete., for 
growing spores. Successive generations of stock cul- 
tures when grown on this medium showed an apparent 
slow but effective loss of fermentation ability. 

A germinated spore inoculum was prepared in the 
following manner: Ten grams of dry, sharp, sterile, 
white sand was poured onto a 7-day old agar slant 
culture (about 15 em? of spore-bearing mycelium) con- 
taining the foregoing medium. The sand was shaken 
and stirred with a sterile needle to break up the spore 
chains. The spores were washed off with 25 ml of a 
sterile soap solution (0.1 g of Ivory soap in 300 ml of 


TABLE 3. Effect of methanol concentration and medium acidi- 
fication on citric acid production by A. niger NRRL 567 
in surface cultures 


| 
0.1. N ACID DRY WEIGHT GLUCOSE “IZED 
PRODUCED OF consumep| OF CITRIC SPORE 
PER MYCELIAL PER deci CROP 
CULTURE* GROWTH CULTURE 
CONSUMED 


METHA- 
NOL 
ADDED 


INITIAL 
ACIDITY | 


pu ( ml 
3.10 112 
2.48 114 
1.95 156 


Score 


3.10 ‘ 628 
2.48 736 
1.95 S70 8.8 62. 


2.48 3 S16 LSS a7 67. 


9 
1.95 3 726 .85 .58 64.5 


* Corrected for HCI] added in medium acidification. 
Production medium, amounts per | liter: Glucose by analy- 
sis, 184.4 g (9.22 g per culture); MgSO,-7H.O, 0.4 g; NHyHePO,, 
O4 g; K.SO;, 0.23 g; NH NOs, 1.5 g; corn steep, 0.5 ml; 
ZnSO,-7H.O, 0.044 g; Fe-tartrate, 0.010 g. 
Age at harvest: 8 days. 


distilled water). This wetted spore suspension was di- 
vided equally between two 300-ml Erlenmeyer flasks 
containing 90 ml of the following medium: Commercial 
glucose, 50.0 g; NH4NOs;, 1.0 g; KH2PO,, 0.25 g; 
MgS0O,-7H.0, 0.1 g; ZnSO,-7H.O, 0.044 g; Fe-tartrate, 
0.005 g; corn steep liquor, 0.8 ml and distilled water 
to make 900 ml. 

Each flask also received 0.4 g of agar before steriliza- 
tion. Immediately after removal from the autoclave, 
each flask was shaken vigorously to obtain a good dis- 
persion of the agar. This dispersed agar greatly in- 
hibited clumping or pellet formation by the germinated 
spores. Pellet formation has been found undesirable 
in either germination flasks or production cultures. 
After inoculation, the flask cultures were incubated at 
30-32 C on a shaker for approximately 22 hours, At 
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this stage usually two germ tubes have grown from 
each spore, but with little, if any, branching of either 
tube. Of this suspension of germinated spores, 1 to 3 
ml portions were employed to inoculate each produc- 
tion culture. 

Use of the germinated inoculum. The use of a ger- 
minated inoculum as contrasted with an inoculum of 
ungerminated spores results in an economy of original 
spore-bearing mycelium and in a reduction by at least 
1 day of the fermentation period in the production 
cultures. The use of a 1 to 2 per cent by volume of a 
germinated spore inoculum has advantages over the 
procedures of Perquin (1938), Sziies (1944), and Karow 
and Waksman (1947) in which the mycelium from 1 
volume of inoculum medium was required to seed 1 
volume of production medium. Their procedures ap- 
pear to be both difficult and expensive to follow, under 


TABLE 4. Effect of amount of inoculum and methanol 
concentration on citric acid production by A. niger 
NRRL 372 in submerged culture 


% INOCULUM 2% INOCULUM 3% INOCULUM 


Wt 
yield on 
glucose 

con- 
sumed 


Wt 
yield on 
glucose 
con- 
sumed 


Wt 
yield on 
glucose 
con- 
sumed 


Dry wt 
of my- 
celial 

growth 


Dry wt 
of my- 

celial 
growth 


Dry wt 
of my- 
celial 

growth 


AMOUNT OF 
METHANOL 
ADDED 


ml g % g % ml 8 % 
496 | 1.22 | 37.1 1.12; — 152 1.08); — 
656 | 1.15 | 47.0 1.15) —. | 244)1.12]) — 
844 1.01 | 63.5 1.12) — | — 
3.0) 844 | 0.93 | 69.3 | 940 | 1.04 | 69.6 | 960 | 1.05 | 69.8 


acu 


Production medium, amounts per | liter: Glucose by analy- 
sis, 112.2 g (11.22 g per culture); MgCl.-6H2O, 0.15 g; NaH2PO,- 
H.O, 0.15 g; KCI, 0.2 g; NaNOs, 1.62 g; NH,Cl, 0.27 g; ZnSO,- 
7H.O, 0.044 g; Fe-tartrate, 0.005 g; MnSO,-411.0, 0.1 g; corn 
steep liquor, 0.15 ml. 

Initial pH: 4.05. 

Age of inoculum: 20 hours. 

Age at harvest: 9 days. 


aseptic conditions, in large tanks for citric acid produc- 
tion. 

It was found that the amount of the germinated 
inoculum is correlated to some extent with the cone n- 
tration of methanol that is optimal for citric acid pro- 
duction in submerged culture. The data presented in 
table 4 show that 1.5 to 2 per cent methanol is far more 
effective with 1 than with 2 or 3 per cent inoculum by 
volume. The greatest total acid production was ob- 
tained with 3 per cent methanol and 3 per cent by 
volume of inoculum. However, the optimal amounts of 
methanol and inoculum can be expected to be different 
when the medium is more acid than pH 4.05. 

The optimal concentration of methanol has been 
found to vary with the age and size of the individual 
units of mold growth from each spore. In data not 
presented here it has been shown that in production 
cultures containing 3 per cent methanol, 4 per cent of 


a 12-hour old inoculum was required to give a ferment: - 
tion equal to that obtained with 1 per cent of an 1>- 
hour old inoculum, It appears that the tiny units «/ 
growth in a | per cent inoculum at 12 hours found a 3 
per cent methanol concentration too toxic to overcom 

Acidification with HCl of submerged cultures su: - 
sequently inoculated with a suspension of germinate | 
spores gave results in most cases similar to those o| - 
tained with the surface cultures (table 3). Howeve , 
some difficulties were encountered, in pert due to p' | 
changes resulting from medium sterilization. More co: - 
sistent results were obtained by making the initi: | 
acidification with citric acid. Table 5 shows that acidii - 


Tasie 5. Effect of initial acidification with citric acid al 
methanol on the production of citric acid by A. niger NRRL 
372 in submerged culture 


DRY WEIGHT YIELD 
C c O1N 4 
ACID | WEIGHT OF OF CITRIC ACID INITIAL 
| PER CULTURE PER CULTURE® | MYCELIAL BASED ON GLU- ACIDITY 


METHANOL 
ADDED 


> 
= 


93 
80 


or or 


= 


* By titration with correction for citric acid added; no 
detectable oxalic or gluconic acid present. 

Production medium, amounts per | liter: Glucose by analy- 
sis, 121.6 g (12.16 g per culture); NH NO ;, 1.80 g; NH,CI, 
0.134 g; MgCl.-6H.O, 0.20 g; KCI, 0.10 g; KH2PO,, 0.20 
NaSO,, 0.06 g; Fe-tartrate, 0.01 g; ZnSO,-7H.O, 0.044 g; corn 
steep liquor, 0.2 ml. 

Inoculum: 2 per cent by volume of a 22-hour old germinated 
spore suspension. 

Age at harvest: 7 days. 

Incubation temperature: 32 C. 


cation with 0.5 N citric acid to give initial pH’s of 2.35 
or 2.6 gave increased acid production in the presence 
of 2 or 2.5 per cent methanol. 

Effect of methanol on tolerance to trace elements. The 
extreme sensitivity of A. niger strains to manganese, 
iron, and zine among the elements for citric acid pro- 
duction has been demonstrated by numerous investigi- 
tors (Bernhauer et al., 1941; Perlman et al., 1946; Shu 
and Johnson, 1948a; Foster, 1949; Tomlinson ef a/., 
1950). Our experiments showed that many A. nig’ 
strains will produce good yields of citric acid when 
methanol is added to the medium containing high 
levels of these trace elements. The effect of methanv! 
in a commercial glucose medium containing variots 
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\-vels of zine sulfate in submerged cultures of A. niger 
NRRL 372 is shown in table 6. As the level of zinc was 
increased above 10 ppm there was a small increase in 
mycelial growth and a slight decrease in acid produc- 
ton and fermentation efficiency. These results are in 
contrast with those of Shu and Johnson (1948a) show- 
iig a marked decrease in acid production when zine 
\ as increased above 5 ppm in the usual fermentation 
y ithout methanol. 

The effect of various combinations of iron, supplied 
us ferrous sulfate, and methanol on the production of 
«trie acid from commercial glucose is shown in table 
7. Under the conditions used, 5 ppm of iron decreased 
tie citric acid yield with 1.5 per cent methanol, but 
did not prevent greatly increased citric acid yields with 
2.5 per cent methanol. It is of interest to note that 2 
and 2.5 per cent methanol added to the cultures with- 
cut iron proved too toxic and resulted in sharply de- 
creased yields of citric acid. These results indicate that 
ivon has an effect on methanol tolerance. In experi- 
ments not reported here, three levels of inoculum, 1, 
2, and 3 ml of germinated spore suspension, were 
tested in the medium without added iron in the presence 
of 2 per cent methanol. There was no significant toxicity 
in cultures receiving the 3 ml size inoculum, and the 
citric acid yield was high. It is not known whether this 
increase in methanol tolerance is due to more mycelium 
or to trace elements added along with the inoculum. 

The data in table 7 show that the addition of man- 
ganese (10 ppm) also caused a marked increase in acid 
production by the cultures containing methanol (2 per 
cent). The addition of iron and manganese together 
resulted in only a slight decrease in the citric acid pro- 
duced in cultures containing 2.5 per cent methanol. 
Similar increases in methanol tolerance and increased 
acid production, due to added iron and manganese, 
have been obtained when sucrose of high purity was 
employed as the carbon source. The data in table 8 
demonstrate that corn steep liquor supplied at low 
levels of 0.1 to 0.2 ml per liter of medium caused an 
increased production of citric acid in the presence of 
methanol. The value of corn steep liquor is believed to 
be due, at least in part, to its trace element content. 
These observations that high levels of trace elements 
could be tolerated when methanol was used as an ad- 
junct to the medium have led to further investigations 
on the use of such crude carbohydrate sources as molas- 
ves and starches in submerged cultures. 

Composition of the production medium. The kind and 
concentrations of the nutrient salts supplying mag- 
vesium, sulfur, potassium, and phosphorus have been 
-tudied. Considerable variations in the various salts 
‘an be made without significantly influencing the citric 
wcid yield. In the utilization of inorganic nitrogen such 
«s NH,CI, the chloride ions are not assimilated as 
tapidly as the ammonium ions, thereby leading to 


TaB_Le 6. Effect of zine sulfate on production of citric acid by 
A. niger NRRL 372 in submerged shaker cultures with 
methanol 


WEIGHT YIELD OF 
CITRIC ACID BASED 
ON GLUCOSE 
CONSUMED 


ZINC DRY WEIGHT OF 
ADDED CULTURE MYCELIUM 


GLUCOSE 
CONSUMED 


ppm 8 
0 | 10.46 
10 10.95 
20 10.88 
40 | 1. 10.95 
60 1. 11.20 


Production medium, amounts per | liter: Glucose by analy- 
sis, 112.0 g (11.2 g glucose per culture); MgCl.-611.0, 0.2 g; 
KCI, 0.1 g; NaH.PO,- 0.2 g; MgSO,-7H.0, 0.05 g; NaNOs, 
203 g; NH.C!, 0.4 g; MnSO,-4H.LO, 0.05 g; Fe-tartrate, 0.005 
g; corn steep, 0.2 ml; initial pH 4.0. 

Methanol: 3 per cent. 

Inoculum: 2 per cent by volume of a 20-hour old spore sus- 
pension. 

Age at harvest: 10 days. 


TABLE 7. Effect of iron sulfate and manganese sulfate on pro- 
duction of citric acid with various concentrations of methanol 
by A. Niger NRRL 372 in submerged culture 
WEIGHT YIELD 
OF CITRIC ACID 


BASED ON GLU- 
COSE CONSUMED 


MANGA- 0.1 N ACID 
NESE | PRODUCED 
ADDED r PER CULTURE 


DRY WEIGHT 
OF MYCELIAL 
GROWTH 


IRON 
ADDED 


| 
| 


50S 
740 


| ‘ss 
| 448 

| 


.52 
.58 


1108 
932 
992 


10 
5 


Production medium, amounts per | liter: Glucose by analy- 
sis, 116.8 g (11.68 g per culture); NH\yNOs, 2.0 g; MgCl.-6H.0, 
0.20 g; KCI, 0.10 g; KH2POx, 0.20 g; NasSO,, 0.06 g; ZnSO,-7H.O, 
0.044 g; corn steep liquor, 0.15 ml. 

Inoculum: 2 per cent by volume of a 22-hour old germinated 
spore suspension. 

Age at harvest: 7 days. 

Incubation temperature: 32 C. 


TABLE 8. Effect of corn steep liquor and methanol on production 
of citric acid in surface cultures by A. niger NRRL 372 


METHANOL CORN STEEP | 0.1 N ACID PER 
ADDED ADDED CULTURE 


DRY WEIGHT OF | SPORES ON 
MYCELIUM MYCELIUM 

| g score 

0.0 | 1.34 

0.15 | | 1.56 

0.0 0.556 

0.15 | 0.82 


Production medium, amounts per | liter: Glucose by analy- 
sis, 144.5 g (7.2 g per culture); NH sNOs, 1.25 g; 
0.15 g; MgCl: 6H.O, 0.25 g; MgSO,-7H.O, 0.050g; KCI, 0.30 
g; ZnSO,;:7H.0, 0.044 g; Fe-tartrate, 0.003 g; initial pH, 4.16. 

Age at harvest: 7 days. 
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acidification of the medium. There appears to be some 
advantage in using a mixture of NH,Cl and NH,NO;; 
NH,CI alone is not satisfactory. The composition of 
the production medium given with table 5 is as nearly 
optimal as presently known for A. niger NRRL 372, 
the strain studied most thoroughly. 


DISCUSSION 


The exact role of methanol or ethanol in stimulating 
the production of citric acid by A. niger strains is not 
clear. These alcohols divert mold metabolism in slightly 
acidic (pH 6.3) media from gluconic to citrie acid 
production, and enhance yields in the more acidic media 
usually used in citric acid fermentation. It may be 
concluded that both the presence of the alcohol and 
the acidity of the medium bring about an alteration in 
the normal carbohydrate metabolic pathway so that 
citric acid accumulates. Simultaneous use of both con- 
ditions for bringing about the desired interference re- 
sults in greater citric acid yields than use of either 
alone. 

Current theories (Stern and Ochoa, 1951; Erkama 
et al., 1949) postulate that citric acid arises by con- 
densation of acetate with another intermediate com- 
pound (oxalacetate), and it may seem that ethanol 
might act by providing a source of acetate. However, 
the alcohol effect is best brought about by methanol, 
and it is obvious that acetate cannot arise directly 
from this alcohol. Formaldehyde, formic acid, and 
hexamethylene tetramine did not stimulate citric acid 
yields. Metabolic interference by methanol is also mani- 
fested by the slowing of mycelial growth at optimal 
methanol concentrations. 

One of the effects of methanol or ethanol is to in- 
crease greatly the tolerance levels of manganese, iron, 
and zine far above those required for mycelial growth. 
This permits use of media of improved nutritional 
balance, and the increased citric acid yields realized 
may result in part from this fact. The increased toler- 
ance toward trace elements thus permits use of crude 
carbohydrate sources (such as blackstrap molasses) for 
citric acid production. This will be described in a sub- 
sequent paper. 

As can be seen from the data, the stimulation of 
citric acid production by methanol in synthetic media 
is affected by cultural conditions, and especially by the 
mold strain used. The age and the amount of mycelial 
inoculum which is probably a reflection of its surface 
area may be critical. These factors must be investigated 
in applying the effect of the alcohol in any individual 
case 
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SUMMARY 


It has been demonstrated that the addition of me) ,- 
anol or ethanol greatly stimulates the production f 
citric acid by Aspergillus niger. Methanol on a volu: ¢ 
basis is more effective than ethanol, which itself cane 
assimilated and converted to citric acid. The effecti, 
ness of these alcohols is increased by medium acidifi: :- 
tion. Higher levels of zine, iron, and manganese can ¢ 
tolerated in either surface or submerged culture ‘| 4; 
citric acid fermentation if a slightly toxic concentrat) 1) 
of alcohol is present. The use of methanol to stimul: ¢ 
citric acid production should find application in 
commercial production of this acid. 
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The desirability of employing cheap and readily avail- 
able sources of carbohydrates in the mold fermentation 
process for production of citric acid is well recognized. 
Publications dealing with the use of cane, beet or 
“high-test”’ molasses, cellulose hydrolyzates and starch 
products in the surface culture process have been re- 
viewed by von Loesecke (1945). Some of these ma- 
terials have also been employed in a submerged culture 
process (Karow, 1942; Sjolander, 1945; and Waksman 
and Karow, 1946). Many of the difficulties in develop- 
ing a submerged procedure have been emphasized by 
Perlman (1949). Carbohydrate materials commonly 
available have not been found satisfactory unless sub- 
jected to considerable purification. Recently the Na- 
tional Research Council of Canada (1952) reported a 
submerged culture process whereby a special grade of 
beet molasses treated with potassium ferrocyanide gave 
atop yield of 72 per cent acid in 70 hours. Oxygen was 
used for aeration during most of the fermentation pe- 
riod. 

The citric acid fermentation is very sensitive to the 
components of the medium, especially to iron, manga- 
uese, and zine. However, it has been shown by Moyer 
191 and 1953) that the addition of slightly toxic con- 
centrations of the low molecular weight alcohols to the 
medium increases the tolerance level of these trace 
elen ents in the fermentation. The purpose of the present 

‘One of the laboratories of the Bureau of Agricultural and 


Industrial Chemistry, Agricultural Research Administration, 
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investigation was to determine further the value of 
alcohols, especially methanol, in stimulating the pro- 
duction of citric acid by Aspergillus niger from such 
crude carbohydrate sources as starch, starch slurries, 
crushed grain, and various kinds of molasses in both 
surface and submerged culture. 


MATERIALS AND Mernops 


Procedures used in culture preparation, inoculation, 
incubation, harvesting and analyses, unless otherwise 
specified, have been described (Moyer, 1953). The cul- 
ture medium, incubation temperature, and culture age 
are stated for each experiment. All citric acid yields are 
calculated on the basis of the anhydrous acid. Fermen- 
tation efficiency is considered to be 100 times the ratio 
of the weight of anhydrous acid to weight of sugar con- 
sumed. The surface and shaker flask cultures contained 
50 and 100 ml of solution in 200 and 300 ml Pyrex 
Erlenmeyer flasks respectively. 

The three lots of non-Steffenized beet molasses em- 
ployed were supplied by: (1) The Heyden Chemical 
Corporation, which reported it as one of the better 
grades for the citric acid fermentation; (2) the Great 
Western Sugar Company; and (3) the Stauffer Chem- 
ical Company, this sample being from the western area. 
The lots of blackstrap molasses were untreated except 
those from Godchaux Sugars, Inc., which had been 


‘subjected to a treatment to remove part of the aconitic 


acid. 
Potassium ferrocyanide treatment of beet molasses 
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was similar to the procedure of Gerhardt et al. (1946). 
The beet molasses having a pH of 8.5 was diluted with 
two volumes of distilled water and adjusted to pH 6 
to 7 with HCI or H.SO,. After ferrocyanide addition, 
the mixture was made to desired volume, autoclaved 
for 15 minutes at 15 pounds, and allowed to stand for 
18 hours. The precipitate was then removed by cen- 
trifuging. 


EXPERIMENTAL RESULTS 


Gelatinized corn starch. A \imited survey of A. niger 
strains on gelatinized corn starch in surface cultures 
revealed that some strains were better than others for 
breaking the starch down to invert sugar and for citric 
acid production. One of the best strains, A. niger NRRL 
372, was employed in submerged cultures containing 
corn starch. These were prepared as follows: Eleven 


TaBie 1. Effect of methanol on the production of citric acid from 
corn starch by A. niger NRRL 372 in submerged shaker 
cultures 


METHANOL 0.1.N ACID) | DRY WEIGHT | TOTAL WEIGHT YIELD 


ED CULTURE sropucep | OF MYCELIAL,| suGaR | OF CITRIC ACID 
ml days | ml | g g % 
o | 0 | 147 | 131 | — | = 
3 in 556 1:05 | 6.11 | 59.2 
3 | 10 | 960 | 1.23 | 8.67 71.5 


Production medium, amounts per | liter: Commercial corn 
starch 110.0 g (11.5 g sugar per culture upon acid hydrolysis) ; 
commercial glucose, 0.5 g; NH,Cl, 0.21 g; NaNOs, 1.10 g; 
MgCl. -6H.0, 0.2 g; MgSO,-7H2O, 0.025 g; KCI, 0.05 g; MnSO,- 
411.0, 0.025 g; ZnSO,-7HO, 0.022 g; Fe-tartrate, 0.004 g; 0.5 
N H3POx,, 20 ml. 

pH: 2.8 before addn. of CaCOs and 5.8 after addn. of CaCO; 
(0.25 g per culture). 

Inoculum: 2 per cent by volume of germinated spores. 

Ineubation: 80 C on Ross-Kirshaw shaker at 150 rpm. 


grams of corn starch mixed with 90 ml of nutrient stock 
solution and 2 ml of 0.5 N HsPO, in each of the 300 ml 
flasks were heated and stirred in a hot water bath until 
auniform paste was formed, and then autoclaved at 15 
pounds for 30 minutes. CaCO, (0.25 g per culture) was 
mixed into the mash while still hot. When cool, each 
flask was inoculated with 2 ml of a suspension of germi- 
nated spores, the methanol was added and then water 
to give a final volume of 100 ml. Analyses both before 
and after inoculation showed only 0.3 g reducing sugar 
per culture, but 11.5 g of sugar after complete acid 
hydrolysis. The mineral nutrient level was sharply re- 
duced as compared with that employed in the following 
experiment with finely ground corn. The acidity of the 
mash before and after addition of CaCO; was pH 2.8 
and 5.8 respectively. 

The cultures receiving methanol produced several 
fold more citric acid than the control cultures (see 


table 1). An analysis of the mash at 7 days rey ojo pro’ d 
almost complete conversion of starch to reducing y.fugar. 
of which 6.1 g had been consumed in the culture 
taining methanol. No oxalic acid was detected 


of these cultures. These results show that a se sh 
strain of A. niger can hydrolyze corn starch and pr dy u 
citric acid in submerged culture in the prese) © n 
methanol with a fermentation efficiency of 71 pe: co 
Ground corn. Fermentation studies were now 4) 
with finely ground whole yellow corn, similar 
meal, as the source of carbohydrate for citric 
production in submerged shaker cultures. Fo: 
grams of this meal along with 80 ml of nutrient to. 
solution and 0.5 ml of an equal mixture of 5.N | os) 
and 5.N HPO, in each of the 300 ml flasks were wu. 
claved for 15 minutes at 15 pounds. To each flask. v}) 
still hot, was added 0.5 g of sterile CaCOs, ari ty 
flasks were well shaken. As soon as the flasks wer 0 
TaBLe 2. Effect of methanol on the production of citron a. 
from finely ground corn by A. niger NRRL 567 in subme yes 
shaker cultures 
METHA- | 
ml g wt ml ml | % 
4 | 9 | 523 | 53 | 57 | 41 0 
Production medium, amounts per liter: Finely grow 
yellow corn, 140.0 g (14.0 g per culture); commercial glucos 
1.0 g; NH,Cl, 0.27 g; NaNQOs, 1.42 g; MgCl.-6H.O, 0.2 g; 
SO,-7H.O, 0.05 g; KCI, 0.1 g; MnSO,-4H.0, 0.05 g; ZnSO, 
0.044 g. 
Inoculum: 3 per cent by volume of germinated spores. 
Age at harvest: 9 days. 
Incubation: 30 C on Ross-Kirshaw shaker at 150 rpm. 
they were inoculated and 4 per cent by volume « 
methanol was added with enough distilled water 
give a final volume of 100 ml per flask. The corn ma) 
was quite stiff when put on the shaking machine. Tl 
mold grew well and after 2 days the mash thinne! 
rapidly. The abundant mycelial development. suggeste! 
that substantial reduction could have been made nf" P 
added nutrient. salts. 
No determination of residual carbohydrate was mail’ tarch. 
other than an iodine spot test which was negative. \i the 
calcium oxalate or free oxalic acid was detected. Th Bec! | 
weight yield of anhydrous citrie acid based on star! he 7 
NaS HO 


supplied was 41 per cent in cultures receiving met)iane 
as compared with 9 per cent in the control culture 
(see table 2). 

Wheat starch slurry. A good grade of wheat flour ws 
made into a stiff dough ball and the starch was ep 
rated from the gluten by washing in distilled wate’ 
The slurry of starch was added to each culture lass 
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‘de 10.1 g of starch and 0.3 g of free reducing 
‘he slurry was pasted in a water bath and auto- 
or 15 minutes at 15 pounds. When cooling had 
Jace, 2.5 ml of pure methanol was added to 
sk, which was then inoculated with 2 ml of the 
ted spore suspension (24 hours old) and put 
mp shaker at 32 C. Within two days there was 
- non-pellet mold growth and the mash was 
s rapidly. At 7 days there was 8.1 g of citric 
culture. This was a weight yield of 70 per cent 

‘«dious citric acid based on 11.52 g of reducing 


the citrie acid. Other strains such as NRRL 615 pro- 
duced less oxalic, usually 7 to 14 per cent of the total. 

Treatment of this lot of molasses with potassium 
ferrocyanide resulted in an increase in acid production 
almost as great as that obtained by the methanol treat- 
ment. However the acid yields were further increased 
by using a combined methanol and potassium ferro- 
cyanide treatment. Good yields of citric acid were not 
obtained in the submerged shaker cultures with this 
lot of molasses with potassium ferrocyanide or methanol 
used singly or in combination. 


Fic. 1. Gump shaker 


gar potentially available per culture. No nutrients 
vere provided beyond those occurring naturally in the 
larch. No oxalic or gluconic acids could be detected 
i the final fermented mash. 

Be’ molasses. Although a comprehensive survey of 
le fermentability of beet molasses from various sources 
vas not made, three lots of non-Steffenized molasses 
vere -tudied. The lot supplied by the Heyden Chem- 
al Corporation was the best for acid production. This 
it ol molasses gave increased yields of acid in surface 


ultus when treated with methanol by forty different 


train of A. niger. Some strains such as NRRL 611 
table 3) produced a large amount of oxalic along with 


Cuban high-test molasses. It was found necessary to 
add nutrient salts to Cuban ‘‘high-test’? molasses to 
obtain good mycelial growth and citric acid production. 
The addition of methanol to the medium containing 
such molasses resulted in increased citric acid yields 
(table 3). No oxalic acid was found in the fermented 
liquor. 

Blackstrap molasses. Several lots of blackstrap molas- 
ses were employed in both surface and submerged cul- 
ture for the production of citric acid. The effect of 2.5 
per cent methanol on production of citric acid from one 
lot of blackstrap molasses, which had been processed 
to remove part of the aconitic acid (footnote 5, table 3), 
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is shown in table 3. This molasses had the following 
characteristics: Initial pH, 5.4; nitrogen, 0.304 g per 
100 g molasses; specific gravity, 1.357; invert sugar per 
100 g molasses before and after hydrolysis, 17.25 g 
and 52.0 g, respectively. No nutrients were used to 
supplement those occurring in the molasses, and the 
precipitate formed during sterilization was not removed. 
Under these conditions a marked stimulation of citric 
acid production was obtained by adding methanol at 
time of inoculation. Total acid was not increased by 
adding more than 2.5 per cent of methanol. Only 
traces of oxalie acid were produced. 

The results of comparable surface culture fermen- 
tations of several lots of blackstrap molasses with and 
without NH,Cl1 in the presence of 2.5 per cent methanol 


and the value for invert sugar has been verified. [; 
suggested that some carbon sources other tha: jj) 
invert sugar may be present and can be utilized |» \ 
niger NRRL 567 for growth and acid producti. . 

A lot of blackstrap having part of the aconitic («: 
removed was also used in submerged shaker cu jy) 
experiments. A small amount of zine sulfate was © |: 
to all these cultures and a low level of NH4ClI was « {de 
to half of them. None of the precipitate formed (. yiyy 
autoclaving was removed. The increased acid \ 
obtained with 2.5 and 3.0 per cent by volume of 1. et}. 
anol are shown in table 5. The addition of \ | 
slightly increased the speed of the fermentation 

In submerged culture experments with other |: 
Louisiana blackstrap molasses, rapid fermentations vey 


TaB_e 3. Effect of methanol on the fermentation of various types of molasses by A. niger strains in surface cultures 


CARBOHYDRATE SOURCE AND AMOUNT OF SUGAR 
PER CULTURE 


A. niger 
STRAINS 


Heyden beet molasses not treated— 611 6 
1a 

Heyden beet molasses treated—5.8 gt 

Heyden beet molasses treated—7.3 gt 


Cuban “high test’? molasses—8.0 gt 


Blackstrap molasses—7.5 g§ 593 


CULTURE AGE 


NRRL days 


METHANOL 
ADDED BY 
VOLUME 


ACID 
PRODUCED 
PER CULTURE 


DRY WEIGHT OF 
MYCELIAL GROWTH 


OXALIC ACH Ly 


Culture size: 50 ml in 200 ml Erlenmeyer flasks. 
Incubation temperature: 30 C. 
* No nutrients added; HCl to pH 6.7. 


+ No nutrients added; HCl to pH 6.7; treated with 0.8 g potassium ferrocyanide per 250 g of molasses. 
t Nutrients added per liter: NH,NOs, 1.5 g; MgSO,-7H,2O, 0.1 g; KH2PO,, 0.12 g; ZnSO,-7H,O, 0.044 g. 
§ No nutrients added; produced at Iberia, La., on Bayou Tesche, 1948 crop; subjected to aconitic acid removal by Godchiau 


Sugars at Raceland, La., 1949. 


are shown in table 4. The addition of NH,Cl gave an 
increase in mycelial growth and a decrease in fermen- 
tation efficiency. The highest percentage of oxalic acid 
was obtained with a sample of molasses from Thibo- 
daux, Louisiana, and the least oxalic from the Cuban 
blackstrap. The relationship between the production 
of oxalic acid and the composition of molasses has not 
been determined. It has been demonstrated in some 
cases that the amount of oxalic acid produced varies 
with the mold strain employed. 

The total weight yield of combined oxalic and citric 
acid, as determined by an alkali titration, was over 
100 per cent, based on invert sugar consumed, for the 
lot of blackstrap supplied by Valentine Sugars. (Theo- 
retical weight yield of citric acid from glucose is 107 
per cent.) This high yield was obtained consistently 


obtained by adding methanol, but in several cases cvi- 
siderable amouts of oxalic acid were formed. The pres 
ence of precipitate after sterilization favors myceli:! 
pellet formation which in general is unfavorable. 
Use of commercial glucose. Previous investigators lia\« 
not been able to obtain good yields of citric acid with 
commercial glucose in submerged culture. Successtt 
fermentations can be realized if methanol is used «is «! 


adjunct. One of the fastest fermentations of this type 


is shown in table 6. This fermentation was carried ou! 


at 32 C on a Gump shaking machine. None of the «on: 
ponents of the medium were subjected to any pur fici- 
tion procedures. There was no oxalic acid preseiit \! 


the fermented liquor. 


Use of commercial glucose in deep tanks. The tank 
used are stainless steel of 20 liter capacity, pro ide: 


witl 
tion 
com}? 
pera’ 
and 
gers | 


Gode ht 


L: 


Cuban 
Indu 


Valent 


land, | 


TABLE 
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wo? 
0 292 0.90 46.4 
3 796 0.94 48.0 
0 560 0.92 
i 2 644 0.83 50.1 
0 728 0.83 12.1 
2 840 0.80 
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: ee 593 8 0 160 1.33 0 
, 2 568 1.02 0 
8 0 176 1.10 1.0 Pro 
2.5 706 1.19 1.8 Init 
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with facilities for stirring, temperature control and aera- 
tion with humidified air (Nelson, et al., 1952). The 
complete nutrient solution was sterilized in the tank by 
steua applied in an external jacket. When the tem- 
pers ure had dropped to 32 C, the methanol was added 
and after a few minutes of stirring, the germinated 
ino Jum was added aseptically. The optimum rate of 
yer: ion has not been clearly established because the 


| 

| TOTAL INVERT 
wo SSES SOURCE 1949-50 CROP SUGAR PER 
CULTURE 


A. miger 80 g/l OF 
STRAIN NH;Cl 


g 
God-haux* at Raceland, 6.14 7 _ 
Li 6.14 567 
6.14 593 
6.14 593 


Laforche at Thibodaux, La. 6.26 567 


6.26 567 
6.26 593 
6.26 593 


Cuban supplied by U. 8. 6.26 7 - 
Indust. Chem., Ine. 6.26 567 7 
6.26 593 


6.26 


Valentine Sugars at Lock- 6.26 567 - 
port, La. 6.26 567 + 
6.26 593 

6.26 593 + 
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TABLE 4. Fermentation of 4 lots of blackstrap molasses containing methanol by A. niger strains in surface cultures 


11 


oxygen supply is also influenced by the air pressure in 
the fermentor, the size of the air bubbles, and the propel- 
ler speed. To minimize methanol evaporation, the air 
flow was reduced during the first 24 hours. 

The most rapid citric acid fermentation in these 
tanks was obtained with 3 per cent methanol and 1.5 
per cent inoculum by volume (table 7). 

At 9 days the fermented solution contained 


7.3 per 


METHANOL TOTAL 0.1N ACID DRY WEIGHT TOTAL ACID WEIGHT OXALIC ACID IN 
BY VOLUME PRODUCED PER OF MYCELIAL YIELD BASED ON TOTAL ACID ‘ 
ADDED CULTURE GROWTH SUGAR CONSUMED 


% ml % 

2.5 660 84 96.2 4.7 
2.5 7 1.10 87.5 4.7 
2.5 694 92 90.8 3.4 
2.5 720 1.30 80.2 3.0 


874 94 21.4 


2.5 722 97 85.1 2.4 
2.5 718 1.22 — — 
2.5 686 1.17 77.5 Re 


644 


2.5 730 104 11 

2.5 760 94 91.5 9.7 
2.5 744 49 95.6 8.5 
2.5 744 1.09 86.7 7.6 


Production medium: Molasses + 0.044 g ZnSO;-7H.O made up to | liter, and 50 ml aliquots placed in small flasks for autoclaving. 


Initial acidity: pH about 5.4. 


Age at harvest: 7 days. 
Incubation temperature: 30 C, 


* This molasses had been subjected to the removal of about half of the aconitic acid originally present. Cane grown near Race- 


land, La. 


TasLe 5. Effect of methanol and ammonium chloride on the 
production of citric acid from blackstrap molasses by A. 
niger NRRL 372 in submerged shaker cultures 


| | | 
| les N AcID WEIGHT YIELD OXALATE 
rer | | ‘op | consuaen | | 
CULTURE | | CULTURE | 
g ml | ml | 4 | g | % | score 
0.0 | 0 | 194 2:57 | — | light 
0.0 | 2.5 | 964 | 2.10 — | _ | light 
0.0 | 3.0 | 1112 | 1.93 > 11.44 | 62.2 | trace 
67/ 2.5 | 1006 | 2.71 | — | — | trace 
67 | 3.0 | 1224 | 2.14 | 12.38 | 63.3 | none 


Production medium, amounts per liter: Same amount and 
lot of blackstrap molasses as used in table 3 (15.0 g per culture), 
pt that 0.044 g ZnSO,-7H2O was added. 

inoculum: 2.5 per cent by volume of 21-hr old suspension 
of cerminated spores. 

\ge at harvest: 9 days. 
‘neubation: 27 C on Gump shaker at 200 rpm. 


TABLE 6. The effect of 2 per cent methanol on the fermentation 
of glucose by A. niger NRRL 372 in submerged shaker 


cultures 
| O-l.N ACID | DRY WEIGHT GLUCOSE 
CULTURE PRODUCED OF MYCELIAL CONSUMED 
} PER CULTURE | GROWTH | PER CULTURE COSE CONSUMED PRESENT 
days ml 8 8 % 
3 48 | 0.88 | 5.60 51.2 | 0 
5 1040 9.90 | 67.2 | 
| 22 | 4.2% 11.40 71.5 0 
7 | 1286 | 1.43 11.55 71.2 0 


Production medium, amounts per liter: Glucose, anhydrous 
basis, 116.8 g (11.68 g per culture); NHyNQOs;, 2.1 g; KH.PO,, 
0.20 g; MgCls-6H20, 0.206 g; Na2SO,, 0.06 g; KCI, 0.1 g; ZnSO,- 
7H,0, 0.044 g; corn steep liquor, 0.1 ml. 

Initial pH: 4.0. 

Inoculum: 2 per cent by volume of germinated spores (spores 
from 15 em? of agar slant in 200 ml of medium). 

Incubation: All cultures at 32 C on Gump shaker. 
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cent citric acid (anhydrous basis). The mycelial growth 
was non-pellet type. 


Tasie 7. Fermentation of commercial glucose by submerged 
mycelium of A. niger NRRL 372 in a deep tank fermentor 


| 0.1 ACID 

CULTURE PRODUCED 
AGE | PER 5-ML 
SAMPLE 


DRY WEIGHT OF | oxALic 
MYCELIAL GROWTH ACID 
| PER SO-ML SAMPLE | PRESENT 


days | ml | 
0.8 -- white 
5.2 0.201 white 
26.3 0.371 white 


54.0 0.484 
57.3 0.506 


light yellow 


| 

44.0 0.428 light yellow 
| | 
light yellow | 


Production medium, amounts per | liter: Commercial glu- 
cose, 127.3 g, anhydrous basis; NH,4Cl, 0.27 g; NH4NOs, 0.8 g; 
KH2PO,, 0.25 g; Mg(NOs3)2-6H2O, 0.32 g; KeSO;, 0.1g; MnSO,- 
41.0, 0.005 g; corn steep liquor, 0.2 ml; ZnSO,4-7H.O, 0.022 g. 

Volume of solution in fermentor: 10.0 liters. 

Initial pH: 4.1. 

Methanol added: 3.0% by volume. 

Germinated inoculum: 1.5% by volume. 

Temperature: 31.5 to 32 C. 

Air pressure: 15 psig. 

Agitator speed: 200 rpm. 

Air flow, volume air per minute per volume of medium: 
0.05 volume first 4 hrs; 0.1 volume 4 to 24 hrs; 0.2 volume after 
24 hrs. 


Discussion oF RESULTS 


The marked biological sensitivity and diversity of 
behavior among citric acid-producing molds have been 
emphasized by Foster (1949). Cation impurities have 
been believed to be mainly responsible for low citric 
acid yields from crude carbohydrate sources (Shu and 
Johnson, 1947 and 1948a; Waksman and Karow, 1946). 
Some procedures for removal of heavy metals have 
been reported as fairly successful, namely an alumi- 
num hydroxide co-precipitation treatment (Shu and 
Johnson, 1948a); use of Amberlite resins and bone 
char (Waksman and Karow, 1946); and precipitaton 
with potassium ferrocyanide (B. I. O. 8., Final Report 
290, 1946). 

Data presented here show the marked stimulating 
effect of methanol on the production of citric acid from 
crude carbohydrate sources such as corn starch, ground 
corn, Wheat starch, and beet or cane molasses without 
any medium purification procedures. It is believed that 
the cost of adding methanol will compare favorably 
with the cost of previously suggested purification pro- 
cedures. One gallon of methanol is sufficient for 50 
pounds of commercial glucose; methanol at $.35 per 
gallon will cost roughly one cent per pound of sugar 
supplied as blackstrap molasses. 

One to two per cent by volume of a suspension of 
germinated spores was employed to inoculate the pro- 
duction media, which is in sharp contrast with the 
inoculum preparation involved in the two-stage proc- 


esses of Perquin (1938), Sziics (1944), and Karow a) 4 
Waksman (1947). In the present experiment, the vy «¢ 
of the germinated inoculum resulted in a marked ; .- 
duction in the area of spore-bearing mycelium requir «| 
as contrasted with the inoculation procedure of S$} \, 
and Johnson (1948b). Their procedure would requ: ¢ 
the spore-bearing mycelium from 1480 one-liter Erk 
meyer flasks to inoculate 1000 gallons of producti.» 
medium as contrasted with 26 such flasks in the gi ~ 
minated spore inoculation procedure, 

Further investigations appear to be desirable to « - 
tablish the relationship between incubation tempei - 
ture and the supply of nutrients exclusive of sug: +. 
In the submerged shaker cultures with commerc; :! 
glucose, more nitrogen was required to maintain « 
fast fermentation rate at 27 C than at 31 to 32 C. Tle 
Shu and Johnson (1948b) fermentation was conducted 
at 25 C and their best medium contained 2.5 g each of 
NH and KH2PQO, per liter. This phosphorus ley 
is 12 times as much as was used in the submerged cu!- 
ture shown in table 6. Karow (1942) omitted magie- 
sium and Sziies (1944) omitted phosphorus in the pro- 
duction culture stage. These various results suggest 
that some grades of molasses high in nutrients might he 
fermented best at temperatures of 25 to 27 C. 

Aeration or oxygen supply is an important factor in 
the submerged fermentation. The shaker speed to a 
large extent controls the aeration, but it is not possible 
to translate shaker speed into deep tank operations. 
The problem of direct aeration in tank operations be- 
comes more complicated when consideration is given 
to the fact that CO. can enter into the synthesis of 
the citric acid molecule if it is not swept out of the 
fermentor. The aeration rate after the first day in the 
tank fermentor was 0.2 volume of air per volume of 
medium per minute, approximating the rate of 0.218 
to 0.272 volumes used by Schweiger and Snell (1940) 
in column type fermentors. Greater rates of aeration 
rapidly decrease the methanol concentration. More in- 
formation on the problem of aeration may be instru- 
mental in decreasing the fermentation time required 
in submerged culture citric acid production. 


SUMMARY 


It has been demonstrated that crude carbohydrate 
sources including corn starch, ground corn, whest 
starch, “high-test” beet and blackstrap molasses, as we! 
as commercial glucose, can be fermented to citric acid 
by Aspergillus niger in either surface or submerge | 
culture. The success of these fermentations depencs 
primarily on the addition to the production mediun 
of a low molecular weight alcohol, preferably methanc! 
in a slightly toxic concentration. The effective concer - 
tration of methanol varies from 1 to 4 per cent hb’ 
volume of the medium. Economies have been made } : 
the inoculation procedure and the submerged ferme! - 
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tat on has been carried out in a practical type fermen- 
tor 
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The high speed blendor or mixer has become an in- 
dispensible instrument in many biological laboratories. 
Since it was originally designed as a household appli- 
ance, no attention was given to the normally harmless 
aerosol which is created during its operation, nor was 
any minor leakage from the bearing considered to be 
important. 

However, when the blendor is used to cut up highly 
infectious tissue, the aerosol, and leakage from around 
the rapidly rotating drive shaft, become very dangerous 
to the operator. This has been so obvious that various 
precautionary practices have been initiated by different 


laboratories (Shepard, May, and Topping, 1945; Sma-. 


del, 1951; Sulkin and Pike, 1951). 

Preliminary to designing a leakproof mixing bowl, 
an investigation was carried out to determine the 
cause and extent of the escaping aerosol. 


MATERIALS AND Metiops 


For these tests 100 ml of a 24-hour nutrient broth 
culture of a red pigment producing organism, Serratia 
indica, was placed in the blendor which was then 
operated for a measured time. The bacterial count of 
the broth was 1 X 10’ organisms per ml. Surface 
samples were taken by sterile cotton swabs moistened 
with nutrient broth. The swabs were streaked on corn 
steep molasses agar (processed corn steep liquor, 30 g; 
black strap molasses, 10 g; agar, 20 g; and distilled water, 
1 liter) and then immersed in tubes of nutrient broth. In 
many cases where colonies of S. indica failed to appear 
on the streaked agar plates, the presence of S. indica was 
indicated by the typical red pigmentation of the nu- 
trient broth culture. Air samples were taken by means 
of sieve type air samplers operated at the rate of 1 
cubie foot per minute over corn steep molasses agar 
plates so as to impinge organisms from the air on the 
agar. All samples were incubated at 25 C for 48 hours. 
The sieve type air samplers were suspended from a 
specially designed apparatus attached to the ceiling 
(figure 1). This apparatus allowed the easy placement 
of samplers around the blendor. Before turning on the 
mixer, control air and surface samples were taken to 

' Presented at the 52nd General Meeting of the Society of 


American Bacteriologists held in Boston, Mass., April 27- 
May 1, 1952. Patent applied for. 


determine whether any aerosol was produced by plac: 
the test culture in the bowl. 

Two types of bowls were tested for their aero. 
productivity, (1) the glass bowl with the cloverl:«f 
shaped plastic cap, and (2) the steel screw capp: 
bowl. All operations were repeated 10 times. 


RESULTS 


‘» Glass bowl with loose fitting cap. The glass bow] was 
operated for 1 minute. Air samples were taken during 
the operation and continued for 4 minutes afterwards. 
Surface sampling was done near the top and the bottom 
bearing. Table 1 shows that an average of 17.8 colonies 
was obtained per unit operation. Recovery of the test 
organism at the edge of the cap and failure to recover 
the organism from the bottom of the bowl indicated 
that leakage occurred under the loose cap. Color motion 
photography revealed that the aerosol was dissemi- 
nated from under the loose fitting cap. 

Steel screw-capped bowl. For this experiment a stee! 
screw-capped bowl was operated for 1 minute. \ir 
samples were taken during the operation and continued 
for 4 minutes afterwards. No gasket was used to make 
an airtight connection between the cap and bowl. An 
average of 8.7 colonies per unit operation appeared 
on the air sampling plates (table 1). None of the test 
organism was recovered by surface sampling from the 
bottom of the bow! while in only | out of 10 tests was the 
organism recovered from around the cover. 

Aerosol produced by worn bearing. Past experience 
has shown that after a blendor bow] has been subjected 
to a great deal of use, leakage may occur through the 
worn bearing. A stainless steel bow! with a worn bearing 
and a screw cap containing a rubber gasket for tight 
sealing was operated for 2 minutes. Air samples were 
taken during the operation and continued for 3 minutes 
afterwards. A total of 610 colonies appeared on the air 
plates, giving an average of 61 per unit operation (tal le 
2). Although gross fluid leakage was not visible uncer 
the bowl, swab samples revealed seepage of broth 
through the worn bearing almost immediately aficr 
it had been placed in the bowl. The absence of positi ’¢ 
swab cultures at the rubber gasketed screw cap in:i- 
cates that the entire escaping aerosol came from 11 
worn bearing. It may be pointed out also that vib:a- 
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(ion during operation frequently loosens the hexagonal Persistence of aerosol. Previous experience with aero- 
nut Which fastens the drive shaft. This is another sols has shown that they tend to persist for a long time. 
source of leakage of the same magnitude as the worn Therefore, it was believed that opening a blendor some 
bearing. time after the mixing was completed would release the 


Fic. 1. Sampling apparatus 


Tas_e 1. Serratia indiea recovered from aerosols produced TABLE 2. Serratia indiea recovered from aerosols produced 
during operation of conventional blendor bowls during operation of a rubber gasketed screw-capped blendor 


with worn bearing 
S. indica RECOVERED* 


: S. indica RECOVEREL 

Glass bow! with loose fitting | Steel screw-capped bowl indice 0 » 
plastic top without gasket Air 

sampling* 


NUMBER —— Surface sampling with cotton swabs 
| Surface samplingt | Surface sampling 

Air 

sampling Bowl sampling Bowl 
bottom cap 


TEST NUMBER 
Bowl Before operating After operating 
Blendor = — 

| Operating 


| 
| 


+ 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 


Bow] 
bottom 


Bowl 
bottom 


Bowl cap Bow] cap 
7t | 
3 + 


Total 
Average | 17.8 


* All controls taken before operating blendors were nega- 
tive. 


* Air sampling controls before operating blendor were 

+ With cotton swabs. negative. 

t Numbers refer to colonies appearing on sieve sampler + Numbers refer to colonies appearing on sieve sampler 
p ites. plates. 

+ Colonies of S. indica on agar plates or typical red pig- + = Colonies of S. indica on agar plates or typical red pig- 
mentation in broth. mentation in broth. 
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aerosol. Accordingly, a test culture was blended for 5 bottom bearing is prevented by (1) use of teflon washe < 
minutes in a rubber gasketed screw capped bowl, then between the cutting blade assembly and the bottom | + 
let stand for 30 minutes. At the conclusion of the 30- the bow] and (2) a keyhole fitting for the cutting bla 
minute waiting period the bowl was opened and air assembly which allows the exterior locking nut to | . 
samples were taken for 5 minutes. A total of 258 
colonies appeared on the plates, giving an average of _-~] ~~ RUBBER GASKET 
25.8 per unit operation (table 3). 
Leakproof mixing bowl. On the basis of these results a : i pint ll 
mixing bow! was designed to eliminate the sources of i ~ EJECTOR HOLE 
aerosol (figure 2). This bowl has a leakproof bearing sid 
is equipped with a siphon and a drain valve which allow 
the removal of fluid in a closed system. Leakage at the 


TaBLe 3. Recovery of Serratia indica by air sampling from a 
screw capped blendor bowl opened 30 minutes after completion 


of mixing fo lov 


SIPHON PET COCK 

“TEFLON WASHER m te 
ax indica RECOVERED 

TEST NUMBER CUTTER SHAFT Vuive 
Before opening After opening DRIVER HOUSING The 

ol a 
and 

OILITE BEARING pe 

4~ BLADE vent 


ther 


TEFLON WASHER 
since 
Air | 


DRAIN PETCOCK 
recel 


10 


ota 25S 


Average 


BALL BEARING 
* Numbers refer to colonies appearing on sieve sampler 
plates. 


Fic. 2. Modified high speed mixing bowl 


Fic. 3. Removal of blended material under a vacuum. Blended materials are shown being drawn off under vacuum fro: | 
the siphon valve. Exhaust air is bubbled through a 5°% phenol trap. 
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ti: htened so that any possible loosening of the assembly 
bh: vibration is eliminated. Blended material cannot 
vw into the bottom bearing, because any material 
t} it may rise up between the cutter shaft and the driver 
hi using is expelled by centrifugal force through 4 open- 
ins at the top of the cutter shaft. 

lhe bowl was subjected to the following safety test. 
Qe hundred ml of a 24-hour broth culture of Serratia 
i, fica was blended 6 times for 10 minutes each time, 
vi ing a total operation time of 1 hour. This one hour 
te t was repeated 10 times. Air and surface samples 
fu led to show recovery of any of the test organism 
di ring this test. 

for the safe removal of the blended materials the 
fo lowing procedure was used (figure 3). The blended 
m terials were drawn off under vacuum from the siphon 
valve through rubber tubing into an Erlenmeyer flask. 
The vacuum line itself was protected by the insertion 
of a 5 per cent phenol liquid filter between the flask 
and the vacuum source. All exhaust air from the re- 
ceiving flask was sterilized by bubbling through the 
5 per cent phenol solution. This closed system  pre- 
vented the escape of any bacterial aerosol. However, 
the receiving flask is still a potential source of infection 
since aerosols may be released when the flask is opened. 
Air samples taken during a 10-second opening of the 
receiving flask, 2 minutes after the blended culture had 
entered the flask, resulted in an average recovery of 
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10.1 organisms per test. Receiving flasks that were let 
stand for 20 minutes before opening, resulted in an 
average recovery of 0.8 organism per test. Receiving 
flasks containing blended infectious materials can be 
safely opened in a ventilated bacteriological safety cab- 
inet (Shepard et al., 1945; Anonymous, 1947). 


SUMMARY 

The infectious hazards associated with the use of 2 
types of high speed mixing bowls have been investi- 
gated. It has been found that bacterial aerosols may be 
set free by (1) a loose fitting cover, (2) lack of a gasket 
ina tight fitting cover and (3) a worn bearing or loosely 
fastened drive shaft. Aerosols are also liberated during 
removal of blended materials from the conventional 
mixing bowls. 

A new type of mixing bow] which eliminates the 
above hazards has been designed and tested. 
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Our laboratory often makes transfers of fastidious- 
growing pathogenic organisms from test-tube cultures 


Fig. 1. Construction of a multiple loop 


to large flasks. A large inoculum is important for the 
success of such transfers. 


The standard procedures for doing this, i.e., sever. | 
loopfuls or pipetting, are not always the most desiral « 
procedures. The former increases the possibility of co: - 
tamination of both air and culture, and the latter 1 - 
quires additional time for washing and sterilization. 

We have, therefore, developed a multiple loop th: | 
serves our needs very well. The diagram indicates the 
steps in making it. Two, three, or four loops per wire 
can be used. For a triple loop, the wire is first ben} 
over about four centimeters from the end, and woun| 
around itself two or three times to form an elongate:| 
loop (figure 1). Then, using a pencil or other rounde:| 
object, individual loops are formed one at a time, one 
below the other, each held as formed by twisting the 
wire tightly once or twice. (It is only for clarity that 
these twists do not appear tight in the illustration.) 

Such a multiple loop is also useful in making seri: 
dilutions, where one loopful is transferred from a first 
tube to a second, two loopfuls from the second to a 
third, and so on. We use separate inoculating loops, 
the first with one loop, another with two loops, ete. 
In practice this means only one actual transfer from 
tube to tube, greatly reducing the possibilities for con- 
tamination. 
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INTRODUCTION 


The customary methods of evaluation of chemical 
disinfectants concern the question of the germicidal 
performance under specified conditions of these prod- 
ucts compared with that of a reference material. As a 
rule, the fundamental answer is sought to this query: 
When used in the recommended dilution, will a given 
disinfectant kill the test-organism within the specified 
short period of time? From the answer, usually, other 
information may be developed (partially factual, par- 
tially speculative), as, for example, how many times 
more effective the disinfectant under test is than the 
reference standard. 

When translated into practical usage, this informa- 
tion should assure the user of the disinfectant as to the 
elimination of pathogenic bacteria from a previously 
contaminated surface, either immediately or shortly 
after the application of the disinfectant solution. No 
assurance is furnished ordinarily by such test data as 
to whether or not this surface will stay “disinfected” 
for any length of time; in other words, no information 
is available as to the duration of the antibacterial ac- 
tion, and no suggestion is supplied as to when a re- 
application of the disinfectant treatment will be neces- 
sury in order to keep the surface free from pathogens. 

It is somewhat surprising that in the evaluation of dis- 
infectants this problem appears to have been either dis- 
regarded or neglected. One might argue that the im- 
portance of ascertaining the existence or non-existence 
of a continuing antibacterial effect is considerably greater 
than that of making a comparison with a standard. of 
reference. In any case, the extent to which a disinfect- 
ant is capable of yielding a persistent antibacterial 
potential should certainly be a major factor in its 
evaluation as a practical adjunct to the control of 
infectious diseases. 


The Problem of “Secondary Reservoirs” 


Attention is called to the discussion of the role of the 
so-called “secondary reservoirs” in the spread of re- 
spiratory infection (Karmann, 1949; Klarmann, Wright 
and Shternov, 1951). These reservoirs consist of the 
sim total of the surfaces (such as floors, walls, shelves, 
furniture, bedding, clothes, ete.) upon which respiratory 
pathogens have settled by sedimentation following their 
dispersal into the environmental air, and from which 
tiey can be resuspended into the air, usually in dry 


form, as a result of drafts or of some kind of mechanical 
activity such as sweeping. While the attempts to re- 
duce these secondary reservoirs by mechanical fixation 
(for example, by oiling) have been only partially suc- 
cessful, it might be postulated that the ideal method 
of their control should involve the creation on the 
surfaces exposed to contamination of a persistent anti- 
bacterial potential directed to the destruction of the 
infectious bacteria (usually the result of some form of 
forced respiratory action, such as sneezing or cough- 
ing) sedimenting upon them after dissemination by 
patients or carviers. 

A disinfectant expected to render this kind of service 
must have a demonstrable record of bactericidal effee- 
tiveness against the most resistant of the respiratory 
pathogens. It would follow also that, other things being 
equal, a disinfectant which offers a longer lasting “anti- 
bacterial blanket’? should be deemed preferable to one 
less effective in this regard, irrespective of any possible 
superiority in ‘‘short-term” bactericidal effectiveness, 
no matter how pronounced. 


The Effect of Relative Humidity 


In this connection, reference should be made to two 
recent papers (Lester and Dunklin, 1951; Hoffman, 
1951) which consider the influence of relative humidity 
upon the persistence of the antibacterial potential of a 
number of disinfectants. It was found that certain 
bactericides formulated with synthetic phenol deriva- 
tives of low volatility displayed the effect under dis- 
cussion, and that atmospheric humidity affected this 
performance only when it dropped to about 33 per cent 
or lower. However, at higher relative humidities (50 
per cent or over) a significant antibacterial potential 
was observed. 

Relative humidities of 33 per cent or less are by no 
means unknown. From the point of view of climatic 
distribution they occur in certain areas of the United 
States, subject to both seasonal and diurnal variations. 
It should be noted, however, that only during the sum- 
mer, and then only temporarily, does the average rela- 
tive humidity drop below 35 per cent in certain western 
areas of the United States. 

Of course, low relative humidities can be produced 
artificially, irrespective of the prevalent atmospheric 
humidity, as for example, in overheated rooms which 
are not provided with proper means of humidification. 
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Under all such or similar conditions a transitory drop 
in the antibacterial potential of the disinfected surfaces 
must be anticipated. Apparently, however, in most 
places, and under prevalent conditions, the relative 
humidity is devoid of a markedly detrimental effect 
upon this antibacterial potential. Accordingly, in plan- 
ning our work, we felt justified in relegating the ques- 
tion of the humidity effect to the background, and in 
concentrating instead upon two fundamental problems: 
(1) the antibacterial effect upon different respiratory 
pathogens, and (2) the modification of this effect by 
different materials constituting the test surfaces. 


Other Considerations 


A general utility disinfectant must be non-specific 
in its germicidal action since, as a rule, its practical 
application is expected to result in the destruction of 
different types of vegetative pathogens of epidemio- 
logical significance, not just of some types to the ex- 
clusion of others. Conversely, where there exists a prob- 
lem of guarding against any particular pathogen, the 
application of a product labeled “disinfectant”? should 
not raise any question in the user’s mind as to whether 
the particular one employed is or is not capable of de- 
stroying the microbes against which its use is directed. 

With this axiomatic premise in mind, it is only 
proper to require that a “disinfectant”? should be ef- 
fective against enteric pathogens, transmitted primar- 
ily by means of contact, as well as against respira- 
tory pathogens, disseminated via the aerial route. 
In the present work Salmonella  schottmuelleri: was 
selected as a representative of the enteric group be- 
cause of its superior resistance to drying, as compared 
with that of the other enteric gram-negative bacteria 
(Escherichia coli, S. typhosa, etc.). 

It is felt that a general utility disinfectant should be 
effective against pathogenic fungi also. This is the reason 
for the selection of Trichophyton interdigitale as a repre- 
sentative test organism, in view of its preeminent occur- 
rence in common fungus infection (of the type of “ath- 
lete’s foot’’, etc.). 


EXPERIMENTAL METHODS 


Since, logically, this kind of experiment calls for the 
use of surface carriers intended to simulate the surfaces 
to be treated under conditions of practice, the first 
question demanding an answer was that of the quan- 
tity of disinfectant solution required per unit of surface. 
From the introductory remarks it would appear that 
the floor surface could become an important (if not the 
most important) “secondary reservoir”. With this in 
mind, actual moppings of a large floor area were carried 
out to determine the amount of liquid deposited on the 
floor in the course of a mopping operation. In this 
fashion it was found that about 0.04 ml was used per 
sq in of floor. This then was accepted as the standard 
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amount of disinfectant solution to be applied to each 


square inch of material used in the tests. 

The question of the number of bacteria to be applied 
to each square inch of flooring was solved as follows: 
It was decided to plate the square-inch pieces of floor- 
ing intact, since swabbing to remove bacteria was 
considered a less desirable procedure because many bac- 
teria remain clinging to the swab, and removal of bac- 
teria from the piece of flooring by the swab is incom- 
plete. It was found that a standard amount of inoculum 
could be used which would yield counts of approxi- 
mately 1000 colonies per plate, by placing the square- 
inch piece of flooring in a Petri dish and rubbing with a 


rubber scraper. (In the case of Mycobacterium tubercu- ) 


losis and T. interdigitale this inoculum had to be re- 
duced as the plates became overcrowded.) The following 
test methods were employed: 


Method I 


Unglazed 1-inch porcelain hexagons (0.8 sq in) of the 
type used in bathroom floors, were painted around the 
edges with colorless nitrocellulose lacquer. (This was 
necessary to prevent leakage of the disinfectant solu- 
tion to be applied subsequently.) The hexagons were 
then sterilized in a metal box over drying crystals 


by dry heat at 160 C for 90 minutes. After thorough , 


cooling, 0.03 ml of diluted disinfectant was applied 
per disc; the dilution used was that recommended on 


the label for disinfecting purposes. The hexagons were — 
then allowed to dry for 7 days at room temperature — 


before the inoculum was applied. In the case of a hypo- 


chlorite disinfectant, the drying time was reduced to | 


one hour (before addition of the inoculum) when it was 


found that its antibacterial effect did not survive a 
longer drying period. At the end of the drying period 
0.01 ml of culture, diluted in AOAC broth, was applied 
and spread over the surface with a platinum loop. 
When using Slreptococcus pyogenes (Lederle 7), Micro- 


coccus pyogenes var. aureus (209), and S. schottmuelleri 


(NIH-41-H-6) the dilutions of the culture were mace 
so that controls showed approximately 1000 microor- 
ganisms per sq in at the end of the test period. When 
M. tuberculosis (607)' was used, between 100 and 200 
viable microorganisms were present per inch at the 


end of the test period, and with 7’. interdigitale (640) 


about 50 viable spores. The cultures were left in contact 
with the dried disinfectant on the hexagons for one 
hour. At the end of the contact period the hexagon 
was placed in a Petri dish, the proper agar formula 


1 We are aware that there exists some question as to the 
representative character of strain 607 of M. tuberculosis. 
Nevertheless, the use of this strain is recommended for labora- 
tory work because it shows good growth characteristics, and 
because it offers virtual freedom from any hazards; and as a 
matter of experimental record, in regard to its resistance to 


disinfectants, strain 607 compares favorably with virulent TB ~ 


strains isolated from active sputum. 
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was added, and the dise was scraped thoroughly with a 
rubber scraper. The rubber scraper was submerged in 
boiling water between scrapings. To eliminate bac- 
teriostasis when testing cationic materials, 10 per cent 
serum was added to the plates. In no other cases was 
this necessary. Control plates, using hexagons with no 
disinfectant, were made at the same time. Each test 
was repeated several times, using 3 hexagons for each 
disinfectant at one time. Table 1 gives a summary of 
these results. 


Method IT 


In this series of tests a wider variety of surfaces, mostly 
different floor coverings, were tested with one repre- 
sentative microorganism, S. pyogenes (Lederle 7). The 
floor coverings to be tested were cut into one inch 
squares. Since these pieces could not be sterilized by 


TaBLeE 1. Residual germicidal action on unglazed porcelain 


For T.. interdigitale: AOAC fungus broth and agar. 


For S. pyogenes: 
Broth (per liter) 
20 g Proteose Peptone No. 4 
2 g Dextrose 
3 g Yeast extract 
5 g Sodium chloride 
2.5 g Dipotassium phosphate 
Adjust to pH 7.2-7.4 
Agar 
To the above add 15 g agar per liter. Omit di- 
potassium phosphate. 


For tuberculosis: 
Broth 
AOAC broth + 5% glycerine pH 7.2 


DISINFECTANT* | DILN. 


PERCENTAGE REDUCTIONS (AFTER CONTACT PERIOD OF ONE HOUR) 


Streptococcus 
| } pyogenes | 


| 
| 


Liquour Cresolis Sap. N.F.............. 


1:40 99.9 
Cresyi. type fortif. (p.c.5)....... | 1:100 100 
Coal tar type emulsif. (p.c.7.5)......... | 1:150 | 99.2 
Pine oil (76.66% pine oil, p.c.5)........ | 12100 99.2 
Synthetic phenolice  1:100 100 
Synthetic phenolie (p.c.10)............. | 1:200 100 
Hypochlorite (5.2% av. Cl.)............ | 12250 13 
Benzalkonium chloride (anhyd.)........| 122500 100 
Benzalkonium chloride (anhyd.)....... | 1:5000 99.8 
Dodeeylammonium lactate (anhyd.). . 1:3000 99.9 


M. pyogenes Salmonella M ycobactertum Trichophyten 
var. aureus schottmuelleri interdigital, 
| 93.200 98.9 | 100 
97 | 99.9 | 100 98.3 
96 100 | 100 98.8 
78 | 53 | 97.4 65 
96 99.9 100 98.3 
96 | 100 100 98.9 
0 | 28 | 41 | 32 
100 100 | 75 | 80 
100 | 85 0 | 86 
100 100 100 96.4 


The average numbers of organisms recovered from control tests: with Streplococcus pyogenes 2500, with Micrococcus pyogene: 
var. aureus 1500, with Salmonella schottmuelleri 1500, with Mycobacterium tuberculosis 200, with Trichophyton interdigitale 50. 
* Disinfectant drying time one week; except hypochlorite, one hour. 


heat they were subjected to ultraviolet radiation before 
being used for testing. It was found that linoleum and 
painted or shellacked surfacing materials had a notice- 
able antibacterial activity when new. It was necessary, 
therefore, to store them for several months before using 
them in the tests. Plastic linoleum retained its bac- 
tericidal activity in spite of aging. 

The test squares were placed in metal boxes over 
drying crystals. Then 0.04 ml of diluted disinfectant 
was added to each square. All disinfectants except the 
hypochlorite were dried for 7 days; the latter was 
dried for 2 hours only, for the reason given before. The 
testing procedure was the same as that described pre- 
viously. The contact time in these tests was one hour. 
Table 2 gives a summary of the results. 


Formulas for Culture Media 


The following culture media were employed for the 


Microorganisms indicated: 


For M. pyogenes var. aureus and S. schottmuelleri: 


~ AOAC broth and agar. 


Agar—Dubos (modified) 
2 g Sheffield hydrolyzed casein (N-Z Case) 
6.3 g Dibasic sodium phosphate 
1 g Monobasic potassium phosphate 
1.5 g Sodium citrate 
2 g Difco Yeast extract 
15 g Agar 
1 liter water pH 7.2 


Autoclave for 30 minutes at 15 pounds pressure. 
When pouring plates, add 10 per cent sterile oleie 
acid—albumin complex with 5 per cent glucose (Mi- 
crobiological Associates, Inc., Bethesda, Md.). 
Cultures for use in the tests with the surface cover- 
ings were diluted with AOAC broth, as follows: 
S. pyogenes, Method I, 1:1000; Method IT, 1: 10,000. 
M. pyogenes var. aureus, 1:5000. 
S. schottmuelleri, 1:1000. 
M. tuberculosis, break up pellicle, filter thru 200 mesh 
monel sieve, dilute as for AOAC to correspond to 500 
p.p.m. Then dilute 1:100. 


I 
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PROLONGATION OF ANTIBACTERIAL POTENTIAL 


| 1. interdigitale, make a spore suspension containing 
75,000,009 spores per ml, dilute 1:200. 


Discussion OF RESULTS 


Table | shows that all of the disinfectants tested, 


4 except the hypochlorite, gave evidence of their ability 
to impart a persistent antibacterial potential to the 
test surface (unglazed porcelain) in varying degrees, 


as indicated by this surface’s capacity to exert a germi- 
cidal effect one week after its disinfection. 
In the case of S. pyogenes, all disinfectants effected a 


* reduction of the count by 90 per cent or more. In the 


case of M. pyogenes var. aureus and S. schottmuelleri, 
» the reduction was the same, except with the pine oil 
disinfectant, where it was substantially less. In the case 
of M. tuberculosis, a low order of effectiveness was shown 
by benzalkonium chloride (but not by dodecylamine 
lactate); the weak antitubercular performance of benz- 
alkonium chloride observed in the present instance 
> concurs with a similar observation reported in a pre- 
vious study (Klarmann 1949; Klarmann, Wright and 
+ Shternov, 1951) bearing importantly upon the subject 
of the control of secondary reservoirs of respiratory 
pathogens. And finally, in the case of 7’. interdigitale, 
~ the Liquor Cresolis Sap. N.F. and the pine oil disinfect- 
ant gave marked y lower results than the other prepa- 
rations tested. 

The antibacterial potential imparted to the test sur- 
face by the hypochlorite disinfectant was not in evi- 
dence as early as one hour after application. 

That the type of surface material may have a signifi- 
cant influence upon the antibacterial potential, at least 
in the case of some disinfectants, is quite evident from 
the data in table 2. In these experiments only S. 
pyogenes was used as test organism. It is noteworthy 
that the maintenance of a week-long antibacterial po- 
tential is most difficult to achieve in the case of painted 
_ wood, probably owing to dissolution of the paint film 


, and penetration of the disinfectant into the wood. 
~ Indeed, two disinfectants which might be expected to 


+ possess a particularly effective solvent action, Liquor 
+ Cresolis Sap. N.F. and the pine oil compound, displayed 


a complete loss of the antibacterial effect at the end of 


> the test period; the point at which this effect was actu- 


, ally dissipated has not been determined. In contrast to 


_ the condition encountered in the case of painted wood, 


; shellacked wood appears to offer better resistance to 
~ penetration and consequently to the fading of the anti- 


~ bacterial potential. As might be expected, completely 


~ dense and smooth surfaces such as those of formica, 


Plastic tile, etc., are most satisfactory in this regard. 


The best all-around performance was rendered by 
the two synthetic phenolic disinfectants.” 


’ The synthetic phenolic disinfectant, with a phenol co- 


_ efficient of 5, contains o-phenylphenol, and is known by the 


~ name of “O-syl.”? The other disinfectant, with a phenol co- 
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As to the performance of the other disinfectants 
tested, factors other than those of solvent action or of 
penetration appear to be involved. This is true of the 
benzalkonium chloride, whose effectiveness drops sig- 
nificantly on linoleum and shellacked wood. The strue- 
ture of the surface may play a role here in that perhaps 
a greater adsorptive tendency comes into play in the 
case of this strongly surface-active agent. ‘The dodecyl- 
amine salt acts in a somewhat similar manner, although 
the reduction of its antibacterial potential at the end 
of the week is not quite so pronounced as that of the 
quaternary ammonium compound, benzalkonium chlo- 
ride. 

SUMMARY 


In evaluating general utility disinfectants, the factor 
of persistence of the antibacterial potential of the disin- 
fected surface appears to have been largely neglected, 
in spite of its significance in determining the capacity 
of the particular disinfectant agent and process to aid 
in reducing the spread of infection. 

To throw some light upon this problem experiments 
were carried out using a number of disinfectants typ- 
ical of the most important available varieties, and a 
number of microorganisms representative of the re- 
spiratory and enteric pathogens, and of pathogenic fungi. 

In creating an antibacterial potential of one week’s 
duration upon the different kinds of surface materials 
tested (including wood, linoleum, tile, etc.), the best 
performance was rendered by two synthetic phenolic 
disinfectants characterized by a low volatility of their 
phenolic constituents. Hypochlorites are least capable 
of maintaining a persistent antibacterial potential, while 
in the case of the quaternary ammonium compounds 
the question of specificity must be considered in view 
of their low antitubercular effectiveness. With coal-tar 
and pine oil compounds the surface material appears 
to affect their performance to the extent that the 
solvent action of these disinfectants probably causes a 
physical change of the surface, producing a gradual 
dissipation of the antibacterial potential. 
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The problem of antibiotics in milk was brought to 
light in 1948 by Kastli (1948), who was the first to 
report specifically that milk from a quarter of an udder 
treated with penicillin would impair the manufacture 
of butter and cheese. He found that from 0.1 to 1.0 
unit of penicillin per ml of milk was sufficient to in- 
hibit the growth of the widely used starter cultures, 
Streptococcus cremoris and Streptococcus lactis. 

Katznelson and Hood (1949), and Krienke (1949), 
later found that complete inhibition of acid production 
occurred when 0.5 unit of penicillin per ml of milk was 
present and that as little as 0.1 unit produced strong 
inhibition. Hunter (1949) found that pasteurization 
within the temperature limits available to the cheese- 
maker does not alter the toxic activity of penicillin in 
milk. Petersen (1950) found that species of the genus 
Leuconostoc were very sensitive to penicillin, which 
impaired the development of flavor and aroma in cream 
used for butter manufacture. Wilkowske and Krienke 
(1951), also working with penicillin, found that the 
genus Lactobacillus was sensitive to penicillin levels 
of 0.3 to 0.6 unit per ml of milk. 

Hansen et al. (1950) reported that milk from a cow 
treated with 1 g of streptomycin showed no acid pro- 
duction by the starter organisms involved. They also 
found that as little as 1 per cent cream treated with 
streptomycin restricted the growth of starter organisms 
used in buttermaking. Hargrove et al. (1950) found that 
5 mg of streptomycin inhibited the growth of both 
Streptococcus thermophilus and Propionibacterium sher- 
manii, and that 1 mg of streptomycin per ml of milk 
stopped Lactobacillus bulgaricus from producing lactic 
acid. 

Bell et al. (1951) reported that aureomycin was pres- 
ent in the milk 48 hours after udder infusion and that 
its presence interfered with starter activity. Krienke 
(1950a) reported that cows treated with aureomycin 
showed inhibitory concentrations of the antibiotic on 
the production of lactic acid for as long as 12 milkings 
after treatment for bovine mastitis. Bradfield (1949) 
treated cows with 200 mg of aureomycin ointment and 
reported that their mixed milk failed to develop suffi- 
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cient acidity for cheddar cheesemaking for the next 
three days. 

Krienke (1950b) studied the effect of aureomycin oy 
starter activity and found that acid production was 
inhibited by the presence of 0.5 ug of aureomycin per 
ml of milk. Johnstone (1950) found that cheese starter 
cultures were inhibited by 0.05 yg of aureomycin per 
ml of milk. Based upon these inhibitory levels, the 
treatment from a single animal could render several 
hundred pounds of milk useless for cheese or butter- 
milk manufacture. 

There is relatively little published information re. — 
garding the effect of tyrothricin on the formation oi 
lactic acid by starter cultures. 

Because of the widespread use of antibiotics in the 
dairy industry, it seemed desirable to determine the 
mode of action of these compounds on lactic acid starter | 
cultures. It was thought that perhaps the starter or- | 
ganisms in the presence of antibiotics that might be! 
found in milk would permit proliferation of the or- 
ganisms but might not allow development of the acid- 
ity characteristics of normal milk. Thus, the object of! 
this investigation was to make a systematic study of ‘q 
the effects of various antibiotics on the titratable acid- 
ity, pH, and bacterial count of a lactic acid starter! 
culture. The antibiotics studied were penicillin, strep- 
tomycin, penicillin-streptomycin combinations, aureo- — 
mycin, and tyrothricin. 


EXPERIMENTAL METHODS 


Antibiotic-free skim milk was poured into 500 ml? 
Erlenmeyer flasks up to a known volume, and _ the 
flasks were stoppered. The milk then was sterilized — 
for 10 minutes under 15 pounds of steam pressure. | 

Hansen’s‘ lactic ferment culture, in the dry form, — 
was the source of the lactic acid starter culture used 
throughout this study. Hansen’s culture is said to be a* 
combination of closely associated bacteria, namely, — 
Streptococcus lactis, Streptococcus citrovorus (Leuconos- 
toc citrovorum), and Streptococcus paracitrovorus (Leuco- 
nosioc dextranicum). Hansen’s lactic ferment culture 
was propagated into an actively growing condition as — 
specified by the directions accompanying the culture.\ 

To determine the effects of the various antibiotics 
on growth and acid production by the starter cultures, 


* Chr. Hansen’s Laboratory, Inc., Milwaukee, Wis. 
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ANTIBIOTICS AND LACTIC ACID STARTER CULTURES 


four flasks of sterile skim milk were inoculated with 9 


ml of an actively growing 24-hour starter culture. Then 


a definite concentration of the antibiotic under investi- 


gation was added to 3 of the flasks of milk, which 
made a total volume of 200 ml of material. The fourth 
flask was used as the antibiotic-free control. The time 


~ when the starter and antibiotic were added to the skim 
~ milk was considered 0 hours. 


The four samples of skim milk were incubated at 70 F 
and tested for titratable acidity, pH, and bacterial 
plate counts at the following time intervals: 0, 4, 8, 
and 24 hours. 

The titratable acidity was determined with a Kimble 
automatic acidity tester. The pH values were deter- 
mined at 70 F with a Beckman (Model H-2) pH meter. 

The bacterial counts were made according to Stand- 
ard Methods (1948), except that plates were incubated 
at 70 F to be consistent with the temperature of in- 


‘ cubation for the cultures. The medium was Tryptone 


Glucose Extract Agar (Difco) with 1 per cent milk 
added. All results reported here are the averages of three 


separate experimental trials. 


RESULTS 


Penicillin.» Final concentrations of 1.0, 0.1, and 0.01 
unit of penicillin (sodium salt) per ml of milk were 
prepared in each of three separate flasks of skim milk 
that had been inoculated with 9 ml of a 24-hour ac- 
tively growing starter culture. A fourth flask containing 
9 ml of starter acted as the antibiotic-free control. 
These penicillin levels were selected because of evidence 
of these quantities in milk supplies (Bryan, 1951), and 
because of evidence that acid formation of lactic acid 
starter cultures was retarded (Bradfield, 1949; Hansen 
et al., 1950; Katznelson and Hood, 1949). 

Table 1 indicates the effects of penicillin on titratable 
acidity, pH, and bacterial counts. With penicillin, at 
the high concentration of 1.0 unit per ml of milk, there 
was very little change in titratable acidity and pH after 
being incubated for 24 hours at 70 F. The initial bac- 
terial count was over 12,000,000 per ml, and after 24 
hours it was sharply reduced to only 1,000,000 bacteria 
per ml of milk, showing that this concentration of peni- 
cillin had a prolonged inhibitory effect. 

The milk containing a concentration of 0.1 unit of 
penicillin per ml showed a slow increase in titratable 
acidity and a corresponding decrease in pH. The bac- 
terial counts from this level of penicillin were reduced 
almost as much as in 1.0 unit of penicillin per ml. 

In the low concentration of 0.01 unit of penicillin 
per ml of skim milk, little inhibition of titratable acid- 
ity, pH, or bacterial counts was observed, and the 


* Supplied through the courtesy of Merck & Co., Ine., 
@ Rahway, N. J. 
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samples came close to duplicating the activity of the 
antibiotic-free control. 

Streptomycin.® The solutions of streptomycin were 
prepared from 1 g vials of crystalline streptomycin 
(calcium chloride complex). Final concentrations of 5.0, 
1.0, and 0.1 mg of streptomycin per ml were prepared 
in each of 3 separate flasks of skim milk that had been 
inoculated with 9 ml of a 24-hour actively growing 
starter culture. A fourth flask, containing only the 
starter, was used as the antibiotic-free control. The _ 
results of streptomycin action are presented in table 2. 


TaBLeE 1. Effects of penicillin on the titratable acidity, pH, and 
bacterial plate counts of a 24-hour starter culture incubated 


at 70 F* 
TIME | CONTROL PENICILLIN PENICILLIN PENICILLIN 
Titratable acidity 
hrs. e | 1.0 unit/ml | 0.1 unit/ml | 0.01 unit/ml 
0 0.20 (0.20 0.20 0.20 
4 0.25 0.20 0.20 0.20 
8 | 0.43 0.21 0.37 0.43 
24 | 0.79 | 0.22 | 0.80 | 0.79 
pH 
0 6.50 | 6.50 | 650 | 6.82 
4 5.95 | 6.37 | 6.08 5.95 
8 5.23 6.33 5.60 5.26 
24 | 4.53 | 6.28 | 5.28 4.54 
Bacteria counts per ml 
0 10,250,000 | 12,220,000 11,120,000 12,420,000 
4 70,630,000 | 2,100,000 6,720,000 149,720,000 
8 433,000,000 | 2,600,000 4,800,000 411,600,000 
24 1,127,000,000 1,000,000 1,340,000 713,000,000 


* Averages of three trials. 


A concentration of 5.0 mg of streptomycin per ml 
was effective in retarding titratable acidity, pH changes, 
and in accomplishing an immediate reduction in the 
number of starter organisms. The bacterial counts in 
the antibiotic milk increased slowly with time, but 
when compared to counts from the antibiotic-free con- 
trol sample, the numbers were still far below the count 
at 0 hours. 

- Concentrations of 1.0 and 0.1 mg of streptomycin 
per ml of milk also caused poor starter activity with 
very little acid production. The bacteria counts were 
far below those of the antibiotic-free control sample. 

Pexicillin-Sireptomycin in Combination. Because of 
the wide usage of penicillin-streptomycin (‘‘Penstrep,”’ 
“Pendistrin,” ete.) and possibly other antibiotic com- 
binations in cases of bovine mastitis, it is entirely pos- 
sible that combinations of antibiotics may find their 


6 Supplied through the courtesy of Merck & Co., Ine., 
Rahway, N. J. 
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way into market milk supplies from this source. A 
review of the literature fails to reveal any information 
regarding the possible synergistic action of two or more 


TABLE 2. The effects of streptomycin on the titratable acidity, 
pH, and bacterial plate counts of a 24-hour starter culture 
incubated at 70 F* 


| 
STREPTOMYCIN 


penicillin-streptomycin combinations on a starter ul. 
ture. 


The levels of each antibiotic were prepared by the 


direct addition to the skim milk. The following thireef 
concentrations were prepared in flasks containing the} 


skim milk and 9 ml of an actively growing 24-houw 
culture: 1.0 unit of penicillin and 5.0 mg of streptomy- 


TIME CONTROL | STREPTOMYCIN | STREPTOMYCIN cin, 0.1 unit of penicillin and 1.0 mg of streptomycin, 
= a “ae 0.01 unit of penicillin and 0.1 mg of streptomycin perf 
Titratable acidity 
cei : ml of milk. A fourth flask with only starter added was 
| the antibiotic-free control. The results of the activity 
| . . . 
| 0.19 0-21 0.20 0.19 of the penicillin-streptomycin combination are pre 
4. 0.31 0.25 0.22 0.22 in 
0.75 0.25 0.24 | 0.23 
24 0.86 0.27 0.26 0.28 
TaBLe 4. The effects of aureomycin on the titratable acidity, 
pH, and bacterial plate counts of a 24-hour starter culture 
pH 
incubated at 70 F* 
0 6.28 6.27 | 6.27 | 6.30 ee 
- TIME CONTROL AUREOMYCIN AUREOMYCIN AUREOMYCIN 
s | «as | oo | | ous | 
: Titratabl idit 
24 4.39 5.93 | 5.98 | 5.85 
hrs. | 0.5 ug/ml 0.25 ug/ml =| 0.1 ug/ml 
Bacteria counts per ml o | 0.21 | 0.20 0.20 | 0.20 
4 | 0.39 | 0.22 0.22 | 0.23 
0 9,300,000 | 160,000 | 523 ,000 | 2,400,000 s | 0.76 (0.25 0.25 0.38 
4 80,200,000 733,000 270,000 | 3,130,000 | 
24 0.86 0.33 0.47 0.76 
8 563,000,000 1,430,000 1,620,000 11,900,000 
24 1,183,000,000 2,433,000 23,500,000 | 80, 200,000 pH 
* Averages of three trials. Oo. 6.29 | 6.07 | 6.25 | 6.28 
4 | 5.30 | 6.17 | 6.15 6.03 
TaBLe 3. The effects of penicillin-streptomycin in combination 8 | 4.52 6.03 5.98 5.65 
on the titratable acidity, pH, and bacterial plate counts of a a si 4.36 | 5.63 5.26 | 4.65 
24-hour starter culture incubated at 70 F* = 
Bacteria counts per ml 
| PENICILLIN PENICILLIN PENICILLIN | | z 
0 11,050,000 10,400,000 9,100,000 | 9,70, 0m 
5.0 MG/ML 1.0 MG/ML 0.1 MG/ML 4 89,000,000 9,000,000 | 13,100,000 | 25,800,000 
8 672,000,000 25,500,000 20,580,000 | 82,000,000} 
Titratable acidity 24 $70,000,000 14,000,000 | 36,300,000 | 243,000,004 
sg | | | * Averages of three trials. 
0.22 0.22 O18 0.18 
| | | The sample containing 1.0 unit of penicillin and 5.0 
mg of streptomycin per ml of milk showed serious} 
24 0.88 0.27 0.29 0.29 pi 
deterimental effects on the activity of starter cultures.} 
pH The initial count was 4,000,000 and after 24 hours it} 
0 6.30 6.20 e635 | 6.4 fell to only 970,000 colonies per ml of milk. The in- 
4 | 5.50 | 618 | 6.26 | 6.32 crease in titratable acidity produced over a period oi 
8 | 4.60 |} 6.18 | 6.30 6.32 24 hours was negligible. 
24 4.40 | 6.18 | 5.92 | 5.88 Concentrations of 0.1 unit of penicillin and 1.0 mg 
Sieeidiainiatadensas of streptomycin per ml of milk also suppressed starter 
activity over a period of 24 hours. Even the low level} 
0 | — 8,000,000 | 4,000,000 | 6,000,000 6,000,000 of 0.01 unit of penicillin and 0.1 mg of streptomycin 
| per ml inhibited lactic acid formation by the starter 
| ’ | ’ ’ ’ > 
24 300,000,000 970,000 13,000,000 32,000,000 culture. After 24 hours of incubation, the titratable 


* Averages of three trials. 


antibiotics on the titratable acidity, pH, or bacterial 
plate counts of lactic acid starter cultures. Therefore, 
it was thought desirable to determine the effects of 


acidity was only 0.29 per cent, and the pH was 5.83.) 

From the results previously described, the combined 
action of penicillin and streptomycin was greater than 
that of each antibiotic used separately, although the! 
effect was probably not more than additive. Therefore, 
antibiotic combinations can be expected to prove more 
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troublesome in the manufacture of certain dairy prod- 
ucts than single antibiotic therapy for mastitis. In the 
final analysis, however, the inhibiting effects on starter 
activity would depend upon the total amount of anti- 
biotic entering the milk, whether originating from a 
mixture or from a single type of antibiotic. 

Aureomycin.? Aureomycin, which is being used widely 
for mastitis therapy, was also studied for its effects on a 
lactic acid starter culture. Solutions of aureomycin 
were prepared from 250 mg capsules of crystalline 
aureomycin hydrochloride. Aureomycin levels used in 
this study were those that have been found to inhibit 
lactic acid production of starter cultures (Bell e¢ al., 
1951; Bradfield, 1949; Johnstone, 1950; Krienke, 1950b). 
The final concentrations in the samples were 0.5, 0.25, 
and 0.10 wg per ml of milk, respectively, in each of 
three separate flasks of skim milk that had been inocu- 
lated with 9 ml of an actively growing 24-hour starter 
culture. A fourth flask containing only the starter was 
used as the antibiotic-free control sample. 

Results shown in table 4 indicate tnat aureomycin 
is effective in causing inhibition of lactic acid produc- 
tion by the starter culture. A level of 0.5 ug of aureo- 
mycin per ml of milk suppressed lactic acid formation 
by the starter culture as indicated by slow changes in 
titratable acidity and pH. The bacterial count changed 
very little from the initial count of 10,400,000, even 
after 24 hours. 

Aureomycin, in a concentration of 0.25 ug per ml, 
also affected the metabolism of the starter culture. The 
starter was only mildly active in forming lactic acid, 
since the titratable acidity after one day was only 0.47 
per cent. In the low concentration of 0.1 ug of aureo- 
mycin per ml, the starter appeared to function more 
like the control sample as far as titratable acidity, pH, 
and bacterial counts were concerned, although some 
inhibition was still apparent. 

Tyrothricin.. Dubos (1939b) established the fact that 
tyrothricin, and also its component gramicidin, infused 
into the bovine udder in a mineral oil base, gave favor- 
able results in mastitis therapy. Other publications by 
Little et al. (1940), Martin (1942), Bryan et al. (1942) 
and Little (1943) reported that tyrothricin was be- 
tween 45 to 95 per cent efficient in curing udders in- 
fected with Streptococcus agalactiae. 

The following concentrations of tyrothricin were 
made from crystalline tyrothricin for this study: 5.0, 
1.0, and 0.1 mg per ml of skim milk. Results are pre- 
sented in table 5. 

Tyrothricin at the 5.0 and 1.0 mg per ml levels was 
one of the most effective antibiotics studied in retarding 
lactic acid formation by the starter culture. Titratable 


7 Supplied through the courtesy of Lederle Labs., Inc., 
Pearl River, N. Y. 

8 Supplied through the courtesy of Sharp and Dohme, 
Inc., Glenolden, Pa. 


acidity and pH values showed almost no change after 
24 hours of incubation at 70 F. Also, the numbers of 
bacteria slowly decreased during the 24-hour period. 

Tyrothricin in the low level of 0.1 mg per ml of milk 
was not very effective in retarding lactic acid forma- 
tion by starters. After 24 hours of incubation at 70 F, 
titratable acidity, pH, and bacterial counts were close 
to the control sample. 


TABLE 5. The effects of tyrothricin on the litratable acidity, pH 
and bacterial plate counts of a 24-hour starter culture incubated 


at 70 F* 
TIME CONTROL TYROTHRICIN TYROTHRICIN TYROTHRICIN 
Titratable acidity 

hrs | 5.0 mg/ml 1.0 mg/ml | 0.1 mg/ml 
0.13 | O13 | O13 | 0.13 

4 | 0.13 0.13 0.16 

8 | 0.46 | O13 | O13 | 0.33 

24 | 0.70 0.13 0.13 0.66 

pH 
| 

0 | 6.51 6.48 | 6.55 6.53 
4 6.13 6.51 | 6.58 6.24 

8 | 4.80 6.51 | 6.49 5.22 

24 | 4.27 6.52 | 6.50 4.34 

Bacteria counts per ml 
| 

0 | 5,417,000 3,480,000 | 5,850,000 | 8,080,000 
4 | 43,300,000 3,500,000 4,820,000 33,580,000 
8 477,000,000 1,600,000 4,300,000 168,000,000 
24 563,000,000 800,000 680,000 387,000,000 


* Averages of three trials. 


Discussion 


The results of this investigation indicate that the 
presence of antibiotics in milk is of considerable impor- 
tance to the dairy industry. Antibiotics may get intoa 
milk supply as a result of antibiotic therapy of bovine 
mastitis, or by direct addition to the milk by unscru- 
pulous producers. 

Penicillin, streptomycin, penicillin-streptomycin com- 
bination, aureomycin, and tyrothricin were studied for 
their effects on the growth of lactic acid starter or- 
ganisms. The results indicate that minute concentrations 
of antibiotics in milk cause inhibition of lactic acid 
formation by a starter culture used in the manufacture 
of dairy products. Lower levels of penicillin (0.01 unit 
per ml) and tyrothricin (0.1 mg per ml) displayed some 
inhibitory effect, but it is possible that the starter 
would overcome the antibiotic so that loss of the product 
might not result. There was no evidence with any of 
the antibiotics studied that only lactic acid formation 
was blocked, while cell proliferation continued as usual. 
Apparently cell metabolism itself was inhibited as meas- 
ured by bacterial numbers and acidity changes. 

Penicillin, which is known to be active principally 
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against gram-positive bacteria (Pratt and Dufrenoy, 
1949), was the first antibiotic studied for its effect on 
lactic acid starter cultures. Penicillin concentrations of 
1.0 and 0.1 unit per ml of milk were effective in retard- 
ing titratable acidity, pH, and bacterial plate counts of 
a starter culture held at 70 F for 24 hours. The low 
level of 0.01 unit of penicillin per ml of milk had no 
effect on the growth and metabolism of the starter 
culture. 

Even though streptomycin is generally considered as 
not too antagonistic toward gram-positive bacteria, 
such as S. lactis, S. citrovorus, and S. paracitrovorus, 
the results indicate that concentrations as low as 0.1 
mg of streptomycin per ml of milk definitely affected 
starter activity. 

It was considered possible that streptomycin may 
act also by interfering at some point in the biochemical 
pathway of lactose conversion to lactic acid. Pratt and 
Dufrenoy (1949) found that at low inhibiting concen- 
trations of streptomycin, the organisms may grow but 
cannot divide. Also, tests with phenolphthalein phos- 
phate show that alkaline phosphatase activity is blocked 
in cells exposed to the action of streptomycin. Strepto- 
mycin, like penicillin, interferes with nucleotide catabo- 
lism, but at different levels, by preventing the cell from 
using its essential food reserves. It was therefore felt 
by Pratt and Dufrenoy (1949) that perhaps strepto- 
mycin interferes with the splitting of glucose, by phos- 
phorylation, into glyceraldehyde phosphate. But, as 
yet it is not known definitely where or how streptomy- 
cin interferes with lactic acid production by lactie acid 
starter cultures. 

In the studies reported herein, the changes in bac- 
terial numbers seem to parallel changes in pH and titrat- 
able acidity. Thus, it is thought that streptomycin 
retarded acidity development by controlling cell pro- 
liferation, rather than by blocking the formation of lac- 
tic acid at some point in its biosynthesis. 

The broad antibacterial spectrum provided by peni- 
cillin-streptomycin combinations showed that the anti- 
biotic combinations were effective in controlling the 
starter culture used in the manufacture of dairy prod- 
ucts. It should be noted that the combined action of 
penicillin and streptomycin was more effective in in- 
hibiting the growth and metabolism of the starter cul- 
tures than was the independent activity of either peni- 
cillin or streptomycin. The effect was probably not 
more than additive, giving little evidence of synergistic 
action. 

Milk containing 0.5, 0.25, and 0.10 ug of aureomycin 
per ml was effective in inhibiting the production of 
lactic acid by starter cultures. Aureomycin has an 
unusually large antibacterial spectrum (Lederle Labs., 
1950), so that it is quickly becoming one of the most 
widely used antibiotics for mastitis therapy. 

Tyrothricin was found to be an active antibiotic in 


causing inhibition of lactic acid development. Of tlie 
concentrations tested, 5.0 and 1.0 mg per ml were es- 
pecially effective in decreasing lactic acid production 
of the starter culture in skim milk. 

Dubos (1939b) stimulated interest in antibiotics xs 
potential chemotherapeutic agents when he isolated 
tyrothricin from filtrates of a soil bacterium Bacillis 
brevis in 1939. Tyrothricin was found to be a mixture of 
basic polypeptides made up of the two crystalline com- 
ponents, gramicidin and tyrocidine. Tyrothricin is a 
surface-active agent that causes disruption of the bac- 
terial cell structure (Dubos, 1939a). The gramicidin 
portion of tyrothricin has a biochemical action of in- 
hibiting the transphosphorylation process (Irving and 
Herrick, 1949) required for the formation of adenosine 
triphosphate and energy as a result of glucose utiliza- 
tion. It is highly probably therefore that tyrothricin 
acts by causing physical damage to the starter culture 
itself and also by interfering with the biochemical con- 
version of glucose to lactic acid. 


SUMMARY 


Antibiotics were tested for their effects on the growth 
and metabolism of a lactic acid starter culture. The 
starter cultures in all the experimental antibiotic milks 
were tested for titratable acidity, pH, and bacterial 
numbers after incubation for 0, 4, 8, and 24 hours at 
70 F. 

The results indicate that 1.0 or 0.1 unit of penicillin; 
5.0, 1.0, or 0.1 mg of streptomycin; 5.0 mg of strepto- 
mycin and 1.0 unit of penicillin in combination, 1.0 
mg of streptomycin and 0.1 unit of penicillin in combina- 
tion, or 0.1 mg of streptomycin and 0.01 unit of peni- 
cillin in combination; 0.50, 0.25, or 0.10 wg of aureomy- 
cin; and 5.0 or 1.0 mg of tyrothricin per ml of milk 
inhibited the metabolism and growth of the starter 
cultures, so that the milk containing these levels of 
antibiotics could not be used satisfactorily to manu- 
facture cultured dairy products. 

Based on the results described, the direct addition 
of 75,000 units of penicillin to a milk supply would 
cause marked inhibition of lactic acid formation in 
approximately 200 gallons of milk. 
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The production of thin films of synthetic plastics in 
the form of coating materials and unsupported films has 
led to the development of a major industry within the 
last ten years. The use of these films was made possible 
by compounding vinyl] resins with a plasticizer, usually 
a high-molecular weight ester, in order to impart a 
desired degree of flexibility to the otherwise hard and 
brittle plastic. However, under trial during the ex- 
tremely varied conditions of global warfare such plasti- 
cized resins revealed shortcomings, one of which was a 
frequent localized stiffening of the film traceable to the 
growth of fungi or bacteria, or both. It was shown that 
it is the plasticizer, and not the plastic itself, that is 
attacked by these microorganisms (Molnar and Leon- 
ard, 1945; Wellman and MeCallan, 1945); the observed 
embrittlement of the plastic composition was thus ex- 
plained by the progressive disappearance of plasticizer. 
The findings of the above and many other authors have 
been summarized in an O.S.R.D. report on tropical 
deterioration (Brown, 1945), and more recently a sur- 
vey of development in films and coated fabrics by the 
Quartermaster Corps has been published (Boor, 1950). 
It was of interest to investigate this degradation fur- 
ther, with a view to elucidating its mechanism with 
respect to the relationship between molecular structure 
of related series of plasticizers and their ability to sup- 
port growth of fungi and bacteria. 

For the present purpose we shall adopt the classifica- 
tion of monomeric plasticizers in two broad categories: 
“fatty oil’’-type plasticizers, including castor oil (glyceryl 
triricinoleate) coconut oil, or cottonseed oil deriva- 
tives; and, “non-fatty oil’’-type plasticizers, including 
alkyl esters of phosphoric, phthalic, tricarboxylic (e.g., cit- 
ric and aconitic), and dicarboxylic (e.g., adipic and 
sebacic) acids. “Fatty oil”’-type plasticizers are consider- 
ably cheaper and in better supply than the ‘‘non-fatty 
oil”-type and, in addition, are effective in imparting 
desirable low-temperature flexibility. Their main dis- 
advantage, as a group, is a pronounced susceptibility to 
microbial degradation, with consequent loss of flexi- 
bility of the compounded plastic. Esters of aliphatic 
dicarboxylic acids are less easily degraded, and phos- 
phates, phthalates and citrates are known to be resistant. 

There appears to be no available information on the 
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relative prevalence of fungal versus bacterial degrada- 
tion, although it can be assumed that environmental 
factors are of great importance in determining the type 
of growth. A recent study in these laboratories (Reese, 
Cravetz and Mandels, in press) has shown that. the 
ability to degrade certain plasticizers is very common 
in fungi. Of 350 species of fungi tested on several typical 
plasticizers, 90 per cent grew on methyl acetyl ricinole- 
ate and 60 per cent grew on dihexyl sebacate. In the 
present work both a fungus, Aspergillus versicolor, and 
a bacterium, Pseudomonas aeruginosa, were used. These 
organisms have been repeatedly isolated from degraded 
plastic films (Harvey, 1947, 1949). 

The data here reported comprise the first of a series 
of at least four such articles which shall appear under 
the above general heading. 


MATERIALS AND METHODS 
Materials 


Microorganisms. The fungus Aspergillus versicolor, 
QM 432 was carried as stock culture on Bacto potato 
dextrose agar; the bacterium Pseudomonas aeruginosa 
QMB 1468 was carried on Bacto nutrient agar. 

Substrates. A large number of plasticizers were ob- 
tained as commercial samples. A series of homologous 
dialkyl sebacates, were synthesized, purified and 
characterized in this laboratory (Stahl and Pessen, 
1952); alcohols, for the most part, were C. P. grade. 
Technical grades were redistilled and fractionated before 
use as substrates. 


Methods 


The ease of utilization of a particular substrate was 
evaluated by a quantitative measure of the growth of 


fungus or bacteria on it. Substrates (3 per cent in the [ 


case of all esters and 2 per cent for all alcohols) were 
weighed or pipetted into 250 ml Erlenmeyer flasks to 
which was added 70 ml of a mineral salts solution (100 
ml stock A! + 100 ml stock B? made up to 1 liter; 


pH 6.6). Bacto yeast extract was also added to a final | 


concentration of 1-10,000. The flasks were plugged with 


1 Stock soln. A = 30.0 g NH,NOs, 22.2 ¢g MgSO,-7H,O—to 1 } 


liter. 
2 Stock soln. B = 25.9 g KH.POs,, 22.1 g K2HPO,—+to 1 liter. 
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cotton and sterilized.* Those substrates having boiling 
points below 180 C were filtered through Seitz bacterial 
filters and added to the previously sterilized min- 
eral salts solution and yeast extract just before inocula- 
tion. After inoculation, the flasks were fastened to a 
horizontal shaker reciprocating about 90 times per min- 
ute, with a stroke of 3 in; incubator temperature was 
30 C. The incubation time was 7 days, except where 
indicated otherwise. 

Since most of the esters and alcohols formed emul- 
sions or dispersions, visual ratings of fungal growth and 
more particularly bacterial growth would have been 
difficult to make; therefore actual cell weights were 
determined after solvent extraction of the water- 
immiscible substrates. 

To obtain the weight of fungi, the water-plasticizer 
mixture or emulsion containing the mycelial pellets was 
filtered through previously tared, wetted Soxhlet thim- 
bles. The thimble contents were washed successively 
with acetone, water, 0.1 N hydrochloric acid and water 
again, extracted with acetone in a Soxhlet extractor 
for 4 hours, and dried to constant weight. 

In the case of the bacteria, a turbidimetric procedure 
was established. The contents of a flask were exhaus- 
tively extracted with ethyl ether in a separatory funnel, 
the bacteria remaining entirely in the aqueous phase. 
The total volume of this phase was measured and its 
turbidity determined in a Klett-Summerson photoelec- 
tric colorimeter. The value thus obtained was converted 
into dry cell weight by means of a standard curve pre- 
pared for this purpose. 


RESULTS 


Because organisms contain varying amounts of li- 
pides, depending on the organism and on the nutrition 
supplied, the acetone extraction used here resulted in 
dry weights low by the amount of the organism’s lipides, 
which, under the processing conditions employed, were 
extracted along with the ester. Typical contents of 
acetone-extractable constituents in A. versicolor and 
P. aeruginosa were found to be of the order of 20 per 
cent and 15 per cent, respectively, of dry weight. An 
error of this approximate magnitude may therefore be 
attached to the weights tabulated. No correction for it 
has been attempted because its exact evaluation, in view 
of the large number of samples run, would have been 
disproportionally laborious and presumably would have 
had little relevance to the relative rating of the various 
esters as growth substrates. 

With this type of growth experiment it is, at best, 
difficult to obtain a high degree of reproducibility be- 


3In the case of substrates solid at room temperature it 
was found useful to allow solidification after sterilization to 
proceed by cooling the flask under a tap with constant swirling 
of the contents to avoid the conglomeration of the waxy ester 
anto larger lumps. 


tween experiments repeated at different times. Among 
the possible factors contributing to this variability are 
the size of the inoculum and the concentration of sub- 
strate. The effect of the former, shown in figure 1, was 
minimized by the use throughout of inocula resulting 
in spore concentrations of at least 3 million per flask. 
The effect of substrate concentration in the case of a 
typical plasticizer, methyl acetyl ricinoleate, is shown 
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Fig. 1. Effeet of variation of spore inoculum on mycelial 
growth. Grown at 30 C for 7 days. 


0 20 30 
% SUBSTRATE 


Fie. 2. Effect of variation of substrate concentration on 
mycelial growth. Grown at 30 C for 7 days. 
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in figure 2. For the most part 2 and 3 per cent substrate 
concentrations were employed. A definite effect on 
growth was observed for the extreme cases of tight and 
loose cotton plugs, respectively; plugs actually used 
were of approximately equal, medium tightness. 

The degree of subdivision of the water-immiscible 
substrates might be expected to have an effect on the 
growth. Actually, even the more tacky, waxy solids 
were found to be kept well dispersed by constant agita- 
tion due to the shaker motion. While it is usual to add 
an emulsifying agent to insure more homogeneous mix- 
tures, this practice was not adopted here. It is well 
known that surface-active agents are effective protein 
denaturants (Putnam and Neurath, 1944). Regardless 
of the presumed properties of the emulsifying or wetting 
agent and the low concentrations in which it is em- 
ployed, its possible effects on the organism and on any 
elaborated enzymes would introduce an unpredictable 
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TABLE 1. Growth of microorganisms on various pure esters and 
commercial plasticizers serving as the only carbon source 


Aspergillus Pseudomonas 
versicolor, MGS.* | aeruginosa, MGS. 
product product product product 
Dimethyl sebacate................ 0 14 
Diethyl — 58 48 
Di (n-propyl) sebacate............} — | 158 — 42 
Di (n-butyl) sebacate............. 198 | 240 12 32 
Di (n-amyl) sebacate............. — | 174 — 7 
Di (isoamyl) sebacate.............] — | 205 16 
Di (3-methylbutyl) sebacate...... — | 18 10 
Di (n-hexyl) sebacate............. 63 | 242 0 3 
Di (1,3-dimethylbutyl) sebacate...) — 27 3 
Di (n-heptyl) sebacate............ — | 243 — 62 
Di (n-octyl) sebacate............. 98 | 231 32 56 
Di (2-ethylhexyl) sebacate........ — 61 32 
Di (2-methylheptyl) sebacate, (cap- 

= ae 62 | 240 9 | 16 
Di (n-nonyl) sebaeate............. — | 256 — 46 
Di (n-decyl) sebacate............. — | 261 — 61 
Di (n-undecyl) sebacate.......... — | 136 — 68 
Di (n-dodeeyl) sebaeate...........) — | 111 71 
Di (n-tridecyl) sebacate...........] — 96 61 
Di (n-tetradeeyl) sebacate........ 72 65 
Di (n-pentadecyl) sebacate....... 26 60 
Di (n-hexadecyl) sebacate........ 31 63 
Di (n-heptadecyl) sebacate. ...... 26 55 
Di (n-octadecyl) sebacate......... 33 — 50 
Dibenzyl sebacate................ 256 | 171 — 13 
Butyl benzyl sebaeate............ 279 20 
Di (n-deeyl) adipate............. — | 240 — 62 
Methy] ricinoleate................ 4i4 — 66 — 
“Methyl cellosolve”’ ricinoleate ...| 502 11 
“Butyl cellosolve”’ ricinoleate..... 33 0 
Butyl ricinoleate................. 385 13 
Methyl! acetyl ricinoleate......... 329 38 
“Methyl cellosolve’’ acetyl ricino- 

Buty! acetyl ricinoleate........... 154 37 
Glycery] ricinoleate...............] 359 42 
Glyceryl] tri-acetyl ricinoleate.....| 419 11 
Butyl] ester of acetylated poly- 

Butyl octadecadienoate........... 111 — 46 — 
Cyclohexyl ricinoleate............ 83 0 
Triethylene glycol dicaprylate....} 154 32 
Triethyl aconitate................. 0 
3-hydroxy-2-ethylhexyl undecylen- 

Tri (2-ethylhexyl) phosphate...... 0 3 — 
Di (2-ethylhexyvl) phthalate....... 0 4 — 
Glycerol, C.P. (control), 2%...... 247 «| 247 79 79 
Sucrose, C.P. (control), 1%....... 227 «| 227 8 8 


* Figures in this and subsequent tables are averages of 
growth (after incubation for 7 days at 30 C) in 3 flasks, each 
containing 2.1 gm of the ester or 1.4 gm of the alcohol indicated, 
and 70 ml mineral salts and yeast extract solution. 


WILLIAM H. STAHL AND HELMUT PESSEN 


additional variable as the price for obtaining at bes: a 
partial and not really imperative improvement in par i- 
cle size. 

Growth values reported in the following are genera! y 
averages of at least triplicates. With the majority of 
samples the average deviation from the mean was less 
than +10 per cent and often much better, but in 
some cases it reached +20 per cent. It was not found 
practicable to increase the reproducibility among repli- 
cates consistently to any material extent; while the 
data thus obtained cannot be used quantitatively with- 
out great caution, they were considered adequate to 
allow comparisons between significantly different sub- 
strates. All values listed (except those in figures 1 and 
2) have been corrected for blanks (that is, the amount 
of growth shown by the regularly used amount of inocu- 
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Fic. 3. Growth of A. versicolor on dialkyl sebacates as an 
only carbon source. 


lum on 70 ml mineral salt solution with 0.01 per cent 
yeast extract alone). In the case of the fungus, an aver- 
age blank in 9 groups of experiments was 37 mg per 
flask; in the case of the bacterium, an average of 10 
groups was 2 mg per flask. A further aid in the inter- 
pretation of results is afforded by the observation, par- 
ticularly with the alcohols, that while certain substrates 
showed no growth above that of the blank (i.e., they 
did not actively support growth), others showed no 
growth whatsoever, (i.e., they actively inhibited 
growth). Such instances are listed in the tables as 

Values of pH after growth of Aspergillus, on either 
ester or alcohol substrates, varied from 6.6 (the initial 
value prior to inoculation due to the buffering effect. of 
the mineral salts solution) to as low as 3.4. Generally 
a lowering of pH paralleled an increase in growth. An 
initial pH of 3 or below was inhibitory, the pH being 
optimal over a broad range from 6.2 to 8.0. Glycerol 
controls invariably dropped to pH 4.8. 

The first half portion of table 1 lists the homologous 
series of sebacic acid diesters with alkyl radicals con- 
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taining from 1 to 18 carbons. It should be pointed out 
that among commercial plasticizers a number fall into 
this series, with 1 to 8 carbon alkyls. However, the 
homologous series in its entirety gives a more complete 
insight into the requirements for microbial growth. 
One notes that esters with alkyl radicals between C; 
and Cy readily support fungal growth, but of those 
which are solid even the Cy and Cys alkyl esters still 
support a small amount of growth. Only dimethyl 
sebacate supports no growth whatever. These values are 
illustrated in figure 3. 

The second half of table 1 lists the fungal growth 
afforded by a representative group of commercial plasti- 
cizers. Using the ‘‘fatty oil” and “non-fatty oil” classi- 
fication we note that plasticizers of the former type 
support growth without exception, whereas certain of 
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Fic. 4. Growth of P. aeruginosa on dialkyl sebacates as 
an only carbon source. 


the latter type (specifically the phosphates, phthalates, 
and tricarboxylic acid esters) support no growth. This 
behavior shall be further discussed in a subsequent 
paper. 

The corresponding values for the growth of P. aeru- 
ginosa are given in table 1 and figure 4. In contrast to 
figure 3, one notes quite different responses of the 
bacteria. While all of the esters support some growth 
there is a minimum at C;-C, and a maximum around 
C;, which persists, broadly speaking, out to Cys. The 
sharp minimum values at C; and Cx at first were sus- 
pected as due to some gross error, but later were sub- 
stantiated by another series of experiments. It is of 
interest to correlate this set of data with those obtained 
by Jezeski et al. (1950) by measuring O, consumption 
of species of 4 bacteria when incubated with methyl 
esters of saturated (even-numbered carbon) fatty acids. 
When ul O. consumed (the measure of growth) is 
plotted versus carbon atoms in the acid, curves some- 
what similar to our figure 4 are obtained, where growth 


is plotted as a function of the number of carbon atoms 
in the alkyl group. 


DiscussION 


Quantitative measurements of growth on ester and 
alcohol substrates were made to allow a comparison of 
their ease of conversion to actual cellular material. 
While this does not necessarily reflect the actual de- 
gree of degradation of plasticizer, as shall be shown in 
subsequent data, it affords some means of ranking 
plasticizers with respect to their susceptibility to micro- 
biological degradation. Additionally, it serves as a bio- 
chemical criterion for characterizing the microorgan- 
isms. While it is recognized that the responses of A. 
versicolor and P. aeruginosa are not necessarily identical 
with those of other microorganisms, they may be 
thought of as typical of plasticizer-degrading micro- 
organisms. Similarly, while the response to the sub- 
strates used here will differ from that toward other 
substrates, it may be considered as representative of 
certain broad classes of substrate. 

The second half of table 1 shows that many ‘fatty 
oil” plasticizers do not support bacterial growth, and 
none do to the extent of that on the glycerol control. 
This is in rather sharp contrast to the data for the 
fungus. It would appear from this data that economi- 
cally the problem of degradation by fungi might be the 
more important of the two, although in that respect 
environmental conditions probably will play a determi- 
nant part. 

Some general similarities between the fungus and 
the bacterium are shown by the data of table 3 with 
regard to growth on alcohols, and by figures 3 and 4 
with regard to growth on the homologous dialkyl se- 
bacates. In spite of these similarities, inspection of the 
data makes evident distinct differences sufficient to 
illustrate the fact that the behavior of one type of 
microorganism need by no means parallel the behavior 
of another. This observation agrees with observed mi- 
crobial responses toward toxic agents. Findings by the 
Chemicals and Plastics Division of Quartermaster 
Research and Development Laboratories (unpublished 
data) indicate that a plasticized resin containing 
amounts of fungicide adequate to prevent any fungal 
growth remains suceptible to bacterial attack, and that 
the converse is also true for the addition of bactericide. 
For adequate protection of a plastic film containing 
susceptible plasticizer both a fungicide and bactericide 
must therefore be included in the formulation. 

Before the start of this work it was suggested by 
several manufacturers of plasticizers that the pure es- 
ters of the homologous series whose laboratory synthesis 
was then projected (Stahl and Pessen, 1952) would not 
support as much growth of microorganisms as their 
corresponding commercial products which are not highly 
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refined. A comparison of the relevant data indicates 
the reverse to be more nearly true with respect to the 
fungus, for example, see di(n-butyl), di(n-hexyl), di(n- 
octyl) and dicapry! sebacates; commercial products ap- 
parently either contain amounts of substances (possible 
free fatty acids or alcohols) sufficient to exert an in- 
hibitory action, or the presence of isomeric alcohols in 
the ester has this same effect. With respect to the latter, 
it is known that a commercial product labeled ‘‘diocty] 
sebacate” is mostly the 2-ethylhexyl ester,’ since it 
has a melting point of —55 C, whereas the laboratory- 
prepared di(n-octyl) sebacate melts at +18.6 C. The 
bacteria apparently do not have the same powers of 
discrimination as the fungi, although there is a trend 
towards better growth on the purer product. 


TABLE 2. Effect of chain-branching of the plasticizer molecule 
on its availability as a carbon source to microorganisms 


PLASTICIZER DRY WEIGHT, MGS. 
Sebacic n-Amyl 174 7 
Isoamy! 205 16 
Methylbutyl 143 10 
n-Hexyl 242 3 
Dimethylbutyl 27 3 
n-Octyl 231 56 
Methylhepty! 256 16 
Ethylhexyl 61 32 
n-Octyl 0 6 
Phthalic Ethylhexyl 0 2 
Methylheptyl 0 3 
Glycerol (control) 291 77 


The above observations lead to an examination of 
the effect of chain-branching of a plasticizer molecule 
on its availability as a carbon source. Some of the data 
taken from table 1 is compared in table 2. While the 
effect on the fungus is not unequivocal, the trend is to 
show that an increase in chain-branching makes the 
compound less available to the organism for conversion 
to cellular mass. This is in apparent contrast to a 
finding (Peck and Rosenfield, 1938) that increase in 
chain-branching of fatty acids results in lessened fungi- 
cidal action, i.e. increased growth. Kitajima and Kawa- 
mura (1931) on the other hand observed no relationship 
between branching of the fatty acid chains and toxicity, 
but it must be noted that their growth conditions 
differed from those of Peck and Rosenfield. Again, the 
bacterium studied herein does not appear to discrimi- 
nate. The differences in growth supported by plasti- 


‘ This is not meant to be a reflection on any manufacturer’s 
product whatsoever; it is realized that there must be a practical 
limit to the complexity of naming of a product. 


cizers with isomeric alkyl groups may, at least in part, 
be due to the relatively lower solubilities of the branchod 
esters, While the amounts of the isomeric acids used ‘yy 
the above cited workers are all water soluble. In toxicity 
studies, furthermore, the substance tested for inhibitory 
effect usually is added to a medium complete for the 
growth of organism. It should be emphasized that re- 
sults obtained in this fashion are not directly compara- 


TABLE 3. Growth of microorganisms on various alcohols serving 
as the only source of carbon 


Aspergillus versicolor P 

Mgs. Days Megs. Days 
Ithvlene glyveol........... 50 7 0 (1) 23 
Methy! ‘‘Cellosolve’’......) 0 7 0 (1) 23 
Butyl ‘“‘Cellosolve”’....... 0 (1)*| 27 0 (1) 23 
2-Ethylhexandiol-1,3...... 0 27 0 (1) 23 
Triethylene glycol........ 12 7 0 (1) 7 
Cyclohexanol............. 0 (1) 27 0 (I) 23 
Benzyl aleohol........... 0 (I) 27 0 (1) 23 
Ethyl-n-hexanol......... 0 (1) 27 0 (I) 23 
Methyl-n-hexylearbinol...; 0 (1) 27 0 (1) 23 
Methyl alcohol........... 0 7 0 (1) 23 
Ethyl alcohol. ............ 95 7 0 23 
Propy] alcohol........... 0 (1) 27 0 23 
Butyl alcohol............. 0 (I) 47 0 23 
Amy] alcohol............. 0 (1) 27 0 (I) 23 
Hexyl aleohol............. 0 18 0 (1) 23 
Heptyl alcohol............| 0 (I) 27 0 (1) 23 
Octyl alcohol............. 0 (1) 27 6 7 
Nonyl alcohol. ........... 0 (1) 60 6 7 
Decyl aloohol............. 0 (1) 27 7 7 
Undeeyl aleohol.......... 0 (1) 56 44 7 
Dodecyl aleohol.......... 26 7 98 7 
Tridecyl alecohol.......... 116 7 67 7 
Tetradecy! aleohol........|104 7 58 7 
Pentadecyl alcohol........ 110 7 58 7 
Hexadecy! alcohol... ..../101 7 54 7 
Heptadecyl aleohol....... — 51 7 
Octadecy! alcohol.........| 36 7 47 7 


* The term 0 (I) refers to inhibition of any growth whatso- 
ever. See text for discussion. 


ble to those reported here, where the substances in- 
vestigated constituted the only carbon source. 

The most commonly used phthalate plasticizer is 
probably the di(2-ethylhexyl) phthalate, and since 
this branched-chain compound supported no growth, 
it was of interest to establish whether the di(n-octy]) 
compound would. Part II of table 2 shows that 3 iso- 
mers of the octyl ester support no fungal growth; all 
support a small amount of bacterial growth. 

Comparing the growth of A. versicolor to P. aeruginosa 
on alcohols, as shown in table 3, one observes the 
following: while the glycols (ethylene and triethylene) 
support growth of fungus, they inhibit growth of the 
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bacteria; ethyl alcohol is a moderately good carbon 
source for the fungus, but inhibits growth of the bac- 
teria; the fungus shows growth from Cy to Cis, whereas 
the bacteria begin to show growth from Cy up. All of 
these alcohols are components of the esters studied. 
It may be noted that time of incubation is given in 
this table. It has been our experience that both fungus 
and bacteria when incubated with plasticizer at times 
showed no growth for perhaps 14 days and then sud- 
denly multiplied rapidly. On examination, no evidence 
of contaminant organisms was found. Undoubtedly, 
there is a period of adaption of enzyme systems. How- 
ever, When no growth is evidenced in 23 days or more 
on a particular substrate, the chances are exceedingly 
good that the organism is not going to adapt to growing 
on it. 

A chance contamination of a group of plasticizers, 
presumably inoculated with known fungal spores, 
showed growth in pure culture of a yeast or yeast-like 
organism. It was then subcultured and later identified 
by Dr. H. J. Phaff, of the University of California, as 
Zygosaccharomyces drosophilae El Tabey (ined). Simi- 
larly to Aspergillus versicolor, this organism grew well 
on dihexyl sebacate, methyl ricinoleate, glyceryl tri- 
acetyl ricinoleate, triethylene glycol dicaprylate and 
olive oil. It did not grow on triethyl citrate, trioctyl 
phosphate or dioctyl phthalate. Subsequent experi- 
ments with a known culture of Saccharomyces cerevisiae 
exhibited the same growth or non-growth characteristics 
on the above substrates as Z. drosophilae, with one 
exception. Z. drosophilae grew well on triethylene glycol 
dicaprylate but S. cerevisiae did only slightly. Thus 
yeasts probably must be recognized as another potential 
group of plasticizer destroyers. 
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SUMMARY 


Aspergillus versicolor and Pseudomonas aeruginosa 
have been utilized as typical plasticizer-degrading or- 
ganisms. Probably because of the presence of isomers 
or other impurities, commercial products often support 
less growth than pure, laboratory synthesized plasti- 


cizers, particularly in the case of the fungus. Responses 
of the fungus and the bacterium differ considerably as 
shown by tests on a variety of substrates, including a 
homologous series of dialkyl sebacates, a comprehensive 
group of commercial plasticizers, and the alcohols which 
are constituents of all these esters. 

With the homologous sebacates, A. versicolor grew 
most readily on the esters with C; to Ci alkyls, whereas 
P. aeruginosa grew best on those with C; to Cis alkyls. 
A. versicolor grew on all fatty-oil plasticizers, P. aerugi- 
nosa showed no growth on some of them. A. versicolor 
grew on alcohols from Cy: up, P. aeruginosa on those 
from Cs up. Chain-branching of plasticizers decreased 
the growth of A. versicolor but was of little effect on 
P. acruginosa. On the basis of these differences the 
general observation is made that a structural modifica- 
tion which renders a plasticizer fungus resistant will 
not necessarily make it bacteria resistant, or vice versa. 
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The preservation of a large collection of bacterial 
cultures is often a task of major proportions, especially 
if one wishes to maintain weakly viable and/or fastidious 
species. Variation in physiological or in morphological 
characteristics is frequently an undesirable consequence 
when stock cultures are held for some time, unless 
special methods are used in the preservation process. 

The method of Lumitre and Chevrotier, described 
in 1914, appeared to avoid the variation mentioned 
above and to allow for considerable longevity of the 
culture. These authors were successful in preserving 
strains of gonococci for several months under sterile 
paraffin oil. Morton and Pulaski (1938) reviewed the 
literature on the application of the method by other 
investigators and reported its advantages when pre- 
serving stock strains of normal and variant types of 
pathogenic and nonpathogenic bacteria. Forty-four 
strains of bacteria, mostly pathogens, from 22 genera 
were included in their study. 

The value of the method was recorded by Morton 
and Pulaski, as follows: 

(a) It greatly reduces the frequency of contamina- 
tion, especially with molds, thus permitting cultures 
to be maintained with greater success in surroundings 
which are not conducive to precise bacteriological 
work. 

(b) No preliminary treatment of the cultures is 
necessary. 

(c) Practically all the organisms tested live longer 
under oil than in the control tubes. 

(d) Changes in cultural and biochemical charac- 
teristics—other than the sometimes-prolonged lag 
phase of growth on subculturing—have not been ob- 
served. 

(e) The cultures are available at all times for trans- 
plantation without interfering with the preservation 
of the stock cultures. 

(f{) The method is applicable to single colonies or 
mass cultures. 

(g) It is especially advantageous in working with 
unstable variants, where occasional transferring to 
fresh media or growth in mass culture results in a 
change in the developmental stage of the strain. 

(h) No seals, such as rubber caps, waxes, cements, 
etc., are needed for the culture tubes. 

(i) No special apparatus is required, such as a 
centrifuge, desiccator or vacuum pump. 
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Since 1938, the literature records that Sterzi (1939) 
preserved fragments of syphilomata (Truffis strain) for 
40 days under a mixture of horse serum and paraffin 
oil. Typical staining characteristics and the form of the 
treponemata persisted throughout this period. 

Hac (1940) used the methods of Morton and Pulaski 
to preserve 30 strains of gonococci. All strains survived 
two transfers made at 12-month intervals. This study 
is especially interesting since the cultures were grown 
on five different media before applying the paraffin oil. 
The strains that remained viable longest were grown 
on Huntoon’s agar. 

Simmons (1942) preserved streptococci of animal ori- 
gin for 12 months, some Group A streptococci for 30 
months, staphylococci for 24 months, and Corynebac- 
terium diphtheriae for 19 months by layering 24-hour 
agar-slant cultures with heavy paraffin oil. Groups B, 
C, and G streptococci survived 15 to 19 months when 
preserved by this method. Neisseria meningitidis grown 
on liver-agar stabs survived for 12 months even when 
held at 37 C. 

Sherf (1943) demonstrated the practicability of the 
method by maintaining the very fastidious plant patho- 
gen Corynebacterium sepedonicum for 18 months under 
oil without loss of pathogenicity. Similar results were 
obtained with Pseudomonas medicaginis and Xantho- 
monas phaseoli. Certain plant-pathogenic fungi remained 
viable under oil immersion for 6 months and produced 
normal spore forms and mycelium when removed. These 
were Fusarium eumartii, F. oxysporum, F. avenaceum, 
F. lycopersici, and an Alternaria species. Wernham 


(1946) had similar success with cultures of Diplodia. 


zeae, Gibberella zeae, Cochliobolus heterostrophus, and 
Nigrospora oryzae. 

Norris (1944) used the methods of Sherf and suc- 
cessfully preserved cultures of other pathogenic fungi 
and bacteria for 6 months, even though storage was at 
room temperature. His cultures were strains of Pleospora 
herbarum, Pleospora rehmiana, Pseudoplea trifolii, Col- 
letotrichum trifolii, Ascochyta imperfecta, Vermicularia 
species, Fusarium species, Macrosporium species, and 
Rhizobium from Medicago scutellata. He, too, concluded 
that the method was very effective and efficient since 
it saved much time, media, and materials, and elimi- 
nated the necessity of making frequent transfers of the 
cultures. 

Gordon and Smith (1947) held 43 genera of bacteria 
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PRESERVING BACTERIAL CULTURES UNDER PARAFFIN OIL 


under a half-inch layer of oil for 6 months, concluding 
that this method of preservation was unsatisfactory 
for only 8 genera. Of the latter group, successful preser- 
vation of 5 of the 8 genera is reported in the present 
study. They are Alcaligenes, Leuconostoc, Pseudomonas, 
Micrococcus, and Vibrio. Perhaps strain differences ac- 
count for this discrepancy. 
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Buell and Weston to the preservation of 626 cultures 
of Basidomycetes. Actinomycetes, Phycomycetes, Asco- 
mycetes and Fungi Imperfecti were also included in 
their experiments. All but 2 cultures of the 853 studied 
survived 2 years under oil. One hundred fifty-three 
cultures eventually grew up and out of the oil even 
though there had been a partial drying of the slant. 


TABLE 1. Survival of bacteria in oil-layered giant colonies 


REMARKS ON VIABILITY (STRAINS) 


Alive Dead 
Achromobacter (Coll. #1). ................ 19 27 9 10 17 10 
Achromobacter (Coll. #2)................- 12 92 5 1 83 9 
1 3 9 9 2 l 
2 2 9 4 0 2 
10 40 9 9 | 40 0 
7 8 | 8 8 7 l 
1 53 6 9 49 4 
1 7 2 0 3 4 
PES 1 53 9 3 8 45 
1 1 4 9 0 1 
M. pyogenes var. aureus (Coll. #1)........ 1 13 9 9 7 6 
M. pyogenes var. aureus (Coll. #2) ....... 1 29 3 6 3 26 
| 1 1 4 | 9 0 l 
Pseudomonas. ...... 5 5 9 9 3 2 
Rhodospirillum rubrum... 1 1 7 5 0 1 
aca | 3 3 | 4 | 0 1 2 
| 3 14 7 9 ll 3 


Buell and Weston (1947) preserved various fungus 
cultures under mineral oil. Although in some species 
variation was noted, the survival for the different groups 
was: Actinomycetes, 12 to 17 months; Phycomycetes, 
10 to 16 months; Ascomycetes, 12 to 24 months; and 
Fungi Imperfecti, 6 to 24 months. Pathogenic strains 
of the Fungi Imperfecti preserved rather well and re- 
tained their normal morphology. These authors cite the 
successful experience of W. G. Hutchinson of the Uni- 
versity of Pennsylvania in conserving Mucor, Monilia, 
Torula, Endomyces and Saccharomyces species for 5 to 
6 years under oil. 

Stebbins and Robbins (1949) extended the study of 


Some cultures did not manifest their normal chromo- 
genesis after storage. 

Babudieri (1952) has preserved Leptospira ictero- 
haemorrhagiae for 7 years in a serum medium held at 
room temperature under paraffin oil. Electron micro- 
graphs showed that the organisms still retained their 
normal morphology. 

Ajello, Grant and Gutzke (1951) were successful in 
preserving 264 strains of human-pathogenic fungi from 
15 genera and 34 species under mineral oil. Some varia- 
tion in morphology was noted in certain strains; never- 
theless the procedure was recommended for maintenance 
of these microorganisms. 
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TaBLeE 2. Bacteria preserved under paraffin oil 


A. (Pseudomonas) 
A. (Pseudomonas) desmolyticum................ 
A. (Bacterium) globiforme...................... 
A. (Bacterium) phosphorescens indigenus....... 
A. (Agrobacterium) radiobacter................ 


= 


Bacterium (Achromobacter) cycloclastes....... . 
B. (Pseudomonas) pictorum 
B. (Pseudomonas) rathonis..................... 


Flavobacterium 


Mecrovactertum lacticum. 
Micrococcus pyogenes var. albus. ............... 


9 


_ 


MONTHS 


_ 


_ 


oe 


9 


10 
1 
Pseudomonas aeruginosa... 9 


rubra... 
Salmonella aerirycke (typhimurium)... ........ 


S. sanguinarium (gallinarum) .................. 3 
S. rubida (Bacterium rubidum)................. 0 
Shigella dysenteriae................ 10 
Streptococcus anhaemolyticus................... 4 


= 


The author (1947) presented a brief summary of the 
longevity of certain bacterial cultures under paraffin 
oil, concluding that the method was practicable for the 
maintenance of a large culture collection. This report 
is a summary of the recent data and experience with 
the determination of longevity in these cultures. 


MeEtTHops 


The method of Morton and Pulaski (1938) was 
slightly modified by preparing all bacteria as stabs 
prior to layering with oil, omitting the use of a rubber 
cap, and storing the cultures at 25 C + 2 degrees. 

Tubes of yeast-water, veal-infusion agar! were 
stabbed with each microorganism. After good growth 
was obtained at the temperature optimum for the 
culture, sterile paraffin oil (half-inch layer) was placed 
on the surface of the stab, thus covering the giant 
colony completely. The tubes were then stored at 25 C 


' Yeast water 100 ml (Fred and Waksman, 1928), veal-in- 
fusion from Difco desiccated veal 100 ml., 0.5 per cent tryptone, 
0.5 per cent proteose peptone, 0.5 per cent NaCl, 2 per cent 
agar and water, pH 7.0. 
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and transfers made at intervals to fresh agar slants of 
the same medium. After incubation of the tubes for 48 
hours at the optimum temperature for the organism, the 
extent of growth was noted. If no growth occurred in 
this time a second, and if necessary a third, transfer 
was made from the tube before the culture was recorded 
as dead. When hemophilic types were placed under 
oil, the same medium with 5 per cent defibrinated 
rabbit’s blood was used. 

When the first transfers were made to test the sur- 


stab during the early periods of storage of the culture, 
cells in the outer areas seemed to be the first to be 
rendered nonviable. It is possible that a preserving 
action prevails in the deeper layers of the giant colony 
by reason of the “autophagy” described by Korinek, 
Jirsak, Jirsakova and Starka (1951). 


RESULTS 


Survival studies. The results obtained to date on the 
maintenance of viability in the cultures are summarized 


TaBLe 3. Bacteria showing change after storage under paraffin otl 


NUMBER OF | NUMBER OF MONTHS LITMUS See 
SPECIES SPECIES STRAINS UNDER MILK 
Glucose Lactose Sucrose 
Alcaligenes 1 1 46 (1)* 
Alcaligenes faecalis A 
Bacillus 2 5 36-45 (2) 
Bacillus pumilus L L 
Bacillus mutabilis L 
Flavobactertum 2 2 36 (2) L (1) (2) 
Flavobacterium rhenanus L 
Flavobacterium denitrificans A A L 
Gaffkya 1 1 46 (1) (1) 
Gaffkya leltragena L L 
Micrococcus 3 4 36 (3) (1) (1) (2) 
Micrococcus cereus A 
Micrococcus epidermidis L L L 
Micrococcus flavescens L G L 
Pseudomonas 2 2 36 (1) (2) 
Pseudomonas fluorescens A L 
Pseudomonas ovalis A 
Sarcina 1 1 46 (1) 
Sarcina flava L 
Micrococcus pyogenes var. albus 1 1 36 (1) (1) 
L 


* Numbers in ( 
gas. 


vival of the species, nutrient agar slants were also 
inoculated. It was soon noted that the culture would 
grow only on fresh slants of the medium upon which it 
had been preserved. This proved to be a very important 
part of the procedure when transfers were made at the 
later testing periods. 

The manner by which the inoculum was taken from 
the preserved stab was also found to influence the test 
for survival. An inoculum taken from the periphery of 
the giant colony on the stab might not have viable 
cells present, whereas one taken by transecting a di- 
meter of the giant colony would subsequently show 
growth on the subculturing medium. Though the giant 
colony may actually grow out to the periphery of the 


) are the number of strains showing change... 


either ‘‘acquisition’’ (A) or loss (L) of the characteristic; G = 


in tables 1 and 2. The survival of the cultures for extra- 
ordinarily long periods is evident. The preservation of 
certain strains of Escherichia coli for eleven years in 
the same giant colony was most unexpected. The culture 
is still viable as of June, 1952. Likewise, the survival of 
many widely different genera for nine years or more is 
strong evidence for the usefulness of this method. The 
author is quite certain, however, that such data could 
not have been obtained were it not for a full realization 
of the necessity of supplying the proper subculture 
medium and for the proper method of taking the inocu- 
lum. 

Constancy of physiological characteristics. The desira- 
bility of having pure cultures maintain their cultural 
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characteristics irrespective of the method of preserva- 
tion is obvious to all microbiologists. Few data are 
available on this aspect of the survival of bacterial 
cultures under oil. Therefore, 96 strains, after various 
periods of survival, were subcultured in litmus milk and 
in Durham fermentation tubes of 0.5 per cent glucose, 
lactose or sucrose. After 48 hours of incubation at the 
optimum temperature for the organism the usual dis- 
tinctive reactions were noted in these media. 

Only 16 strains manifested any change in their re- 
actions (table 3). The most evident change was the 
loss of the capacity to ferment sucrose by 4 species of 
Bacillus. It is also obvious that the loss, rather than 
the “acquisition”, of a characteristic was the usual ex- 
perience. The term “acquisition” refers only to the 
fermentative capacity of the culture as regards acid pro- 
duction, which function the culture did not originally 
possess. Nothing is known of the constancy of these 
changes after the culture was subcultured subsequent 
to its storage under the oil, since further studies of this 
phase have not been made. 


DISCUSSION 


The explanation for the survival of the cultures under 
the conditions of storage used in these experiments is 
not easy. The hypothesis of Sears (1946) should be re- 
called: 

During the early period of growth, substances are 
formed that exert a strong inhibitory effect and, 
probably, a weak killing effect. These substances are 
moderately stable, but, in time, deteriorate to an 
extent that permits further multiplication. In the 
meantime the gradual death and disintegration of 
other cells result in the eventual imprisonment of 
most of the viable organisms in a mass of material 
that furnishes a poor source of nutriment. This favors 
longevity in that it permits new increments of antago- 
nistic substances to diffuse out of the organism’s 
environment to become destroyed elsewhere, and in 
that the poor growth-supporting qualities reduce the 
amount of such substances which are formed. We 
may presume that in some cultures a condition would 
be reached in which the average generation time 
would become very great, because of the scarcity of 
food materials and the presence of a low concentra- 
tion of antagonistic substances, but in which cell 
death would occur at a very slow rate. Such a culture 
would retain viable cells over a long period of time. 
Cultures of some species would be expected to form 
such highly deleterious substances during their early 
rapid growth as to bring about complete sterilization 
of the culture in a few days. Others might bring 
about sterilization much later, chiefly through the 
inability of their autolytic products to support 
growth. 

Edwards, Buell and Weston (1947) observed a rapid 
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decrease in oxygen consumption in the first hou of 
storage of the spores of Sordaria fimicola. This was 
followed by a transient rise to the sixth hour and tien 
a gradual decline. These results are similar to those 
obtained by Rahn and Richardson (1941). Edwerds 
et al (1947) also considered that the depth of the oil 
layer had an effect on survival of the culture; 3 cm 
appeared to be too much, whereas 1 em was satis- 
factory. 

Rahn and Richardson indicated that a minimum oil 
seal should not be considered air tight since there is 
diffusion of oxygen through the oil layer. In the absence 
of oxygen the rate of death is much greater under oil 
than under vaspar, (another sealing substance) thus 
indicating that the oil affects the physiology of the 
cell directly and not only by preventing ‘oxygen ditfu- 
sion. 

KKorinek ef al (1951) studied the nutrition of certain 
microbial colonies and concluded that “autophagy,” 
wherein living cells dissolve dead cells and utilize them 
as food, is a very important survival factor for Sarcina 
lutea but is relatively unimportant in Nocardia salmoni- 
color. This may explain why strain differences were 
noted in the present experimentation. 

The literature indicates that the physiology of cells 
preserved in a “microclimate,” such as under paraffin 
oil, has been rather incompletely studied; therefore an 
adequate explanation of the precise mechanisms of 
death or survival is not now possible. However, the 
present study indicates the practical point that, for 
greater success with the method, subculture of the spe- 
cies after storage on fresh media of the same composi- 
tion as that used during storage will exploit whatever 
adaptive mechanisms the culture has undergone in the 
microclimate’. 
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SUMMARY 


The longevity of 456 strains of 102 species from 25 
genera of bacteria stored under paraffin oil on yeast- 
water, veal-infusion agar indicates that this method of 
preserving stock cultures is very practicable. Strains 
vary in their survival, but many are viable after 9 
years without transfer. One Escherichia coli strain is 
still viable after 11 years 1 month. The technique for 
determining viability is emphasized. 

The production of acid in dextrose, sucrose and lactose 
media and the ability to change litmus milk was 
observed for 96 strains. Following storage, only 17 
cultures showed either a loss or the “acquisition” of a 
characteristic which the original transplant did not 
possess. The reasons for the longevity and the relative 
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PRESERVING BACTERIAL CULTURES UNDER PARAFFIN OIL 


constancy of certain fermentative characteristics are 
discussed. Preserving stock cultures under paraffin oil 
can be recommended. 
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Two strains of Lactobacillus leichmanii, ATCC 7830 
and ATCC 4797, are generally used for vitamin By 
assay. However, the complex growth requirements 
and the lack of specificity to vitamin By of these lactic 
acid bacteria make the determination of vitamin By 
difficult (Hoffmann et al., 1948; Skeggs et al., 1948; 
Snell ef al., 1948; Capps et al., 1949; Kitay et al., 1949; 
Peeler et al., 1949; Winsten and Eigen, 1949; Thompson 
et al., 1950; Emery et al., 1951). Euglena responds to 
the vitamin more specifically and to a much lower 
concentration, but the prolonged time of incubation 
(4 to 7 days) is a handicap in routine assay (Hutner 
et al., 1949). . 

Davis and Mingioli (1950) reported the isolation of a 
number of mutants of Escherichia coli which require 
either vitamin By or methionine for growth in mineral 
medium. In contrast to the lactic acid bacteria, the By- 
requiring mutants did not respond to thymidine. Be- 
cause of the simple medium required, ease of growing 
the organism, and the specificity of its Bi, requirement, 
a study was made to ascertain the suitability of such a 
mutant as assay organism for vitamin By. Bessell e¢ al. 
(1950) used mutant F. coli 113-3 and Harrison, Lees, 
and Wood (1951) used a mutant of F. coli for a plate 
assay of By. Johansson (1951) reported briefly a tur- 
bidimetric procedure. At the time of completion of this 
work, Burkholder (1951) reported the study of the same 
mutant for By assay in a modified medium. 


EXPERIMENTAL METHODS 


The organism used was £. coli 113-3, a mutant kindly 
supplied by Dr. B. D. Davis of Cornell University. 
The medium was that of Davis and Mingioli (in g per 
liter: KeHPO,, 7.0; KH2PO,, 3.0; Na-citrate-3H,O, 0.5; 
0.1; (NH4)2SO,, 1.0; glucose, 2.0) with 
pH adjusted to 6.8. For routine assay, the tubes (18 
x 150 mm) containing the medium without glucose, 
were autoclaved at 115 C for 10 min. The glucose was 
autoclaved separately and added aseptically. The inocu- 
lum was grown in the medium supplied with 0.2 per 
cent of acid hydrolyzed casein and 0.5 myg of By per 
10 ml at 30 C for 8 to 12 hr, centrifuged, washed once 
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and resuspended in 0.9 per cent sterile saline to give 
a transmission of about 70 per cent with a 540 mu 
filter in an Evelyn colorimeter. One drop of the washed 
and diluted inoculum was added to each of the assay 
tubes containing a total 10 ml of medium. The tubes 
were placed in a rack in a tilted position on a recipro- 
cating shaker (84 strokes of 10 cm length per min) for 
16 hr in a 30 C incubator. The growth was measured 
turbidimetrically in the colorimeter with a 540 filter. 

The method of extracting By from samples is that 
used by the late Dr. H. W. Cromwell (1950) to whom 
we are indebted for the following procedure. One g of 
sample was added to 100 ml of water, or to 100 ml of 
0.1 M citrate (pH 4.5) containing 0.1 per cent of sodium 
bisulfite added just before use. The mixture was auto- 
claved at 115 C for 10 min, adjusted to pH 5.0, filtered 
and diluted to volume. The By content of these ex- 
tracts and of two samples of U.S. P. liver preparations 
without any treatment was determined with L. leich- 
mannii (ATCC 4797) and E. coli 113-3. The medium 
used for the former organism was that of Thompson 
et al. (1950). The methionine content of these extracts 
and liver preparations was determined with Leuconostoc 
citrovorum 8081 (Steele et al., 1949). 

The cyanide treatment for converting all forms of 
the vitamin to By developed by Skeggs et al. (1951) 
was applied to citrate extracts and liver preparations 
as follows: The sample containing 0.2-2.0 wz of Be 
was mixed with 8 mg of KCN in about 100 ml of 1 per 
cent phosphate buffer (pH 5.8) at 60 C for 1 hr, diluted 
and assayed for total activity. The excess of the cyanide 
was removed by aeration with air for 30 min. The mt- 
tant was sensitive to cyanide. 


RESULTS 


Growth response of the mutant to crystalline vitamin 
By. Crystalline vitamin By, from Merck and Co., Inc. 
was used as the standard. The growth response in shaken 
tubes is given in figure 1. The standard curve was re- 
producible, as illustrated in table 1. The usable range 
was from 0.05 to 1.5 mug per 10 ml. With the small 
inoculum used, 16 hr were required for maximal growth. 
Longer incubation increased the growth slightly but 
cut down the usable range of the standard curve. 

In trying to avoid the necessity of aeration, assays in 
test-tubes and Erlenmeyer flasks without shaking were 
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tested. The growth responses are given in figure 1. The 
assay range became smaller, with an upper limit of 
about 0.7 mug per 10 ml, and the growth was much less 
than that in the shaken tubes. 

The medium sterilized with all its ingredients to- 
gether gave less growth than that with glucose auto- 
claved separately. By adding 0.0075 per cent of sodium 
bisulfite, glucose could be sterilized with the other con- 
stituents and the resulting medium supported a growth 
equal to that with glucose sterilized separately. The 
growth curve given by the medium containing bisulfite 
is shown in figure |. 

Bessell et al. (1950) used the synthetic medium of 
Tatum and Lederberg (1947) enriched with the trace 
elements of Beadle and Tatum (1945), and also a simpler 
one (in g per liter: NH,H.PO4, 1.0; KCI, 0.2; MgSO,- 
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0.4 1.6 2.0 
myg VITAMIN By PER TUBE OR FLASK 

Fic. 1. Growth response of E. coli 113-3 to vitamin By 
at 30 C for 16 hr. (O) shaken tubes (18 x 150 mm), (X) shaken 
tubes (18 x 150 mm) glucose and bisulfite autoclaved with 
medium, (A) 50-ml Erlenmeyer flasks, 10 ml medium each, (A) 
25-ml Erlenmeyer flasks, 10 ml medium each, (+) stationary 
tubes (18 x 150 mm). 


7H.O, 0.2; glucose, 10; pH 7.0) in a plate assay for 
vitamin By. These two media were tested with the 
mutant under the conditions of incubation used. The 
first medium gave a minimum transmission of about 45 
per cent and covered the same range as Davis and 
Mingioli’s medium. The second medium supported less 
growth because of the low buffer capacity. 

Burkholder (1951) added asparagine, arginine, gluta- 
mie acid, glycine histidine, tryptophan, and sodium 
thioglycollate to Davis and Mingioli’s medium and 
also increased the glucose to 1 per cent. The growth 
of the mutant in Burkholder’s medium under the condi- 
tions of incubation used was essentially the same as 
that in the original medium. The addition of thioglycol- 
late did not prevent the formation of a light yellow color 
in the medium during sterilization. 

Recovery of added vitamin By. Crystalline vitamin 
By was added to several samples and the total By was 
then determined. Examples of such recovery experi- 
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ments are given in table 2. From a large number of these 
experiments, the average recovery of total By was found 
to range from 95 to 108 per cent. 

The assay results did not show any drifting at differ- 
ent levels of sample as is illustrated in table 3. 


TABLE 1. Reproducibility of standard curve 


EVELYN READING WITH 540 my FILTER 
VITAMIN Bie 
Range for 20 runs Mean 
mug/tube 

0.0 98-100 99.4 + 0.5* 
0.1 92-94 93.6 + 0.9 
0.2 85-88 87.2 + 0.9 
0.3 80-84 $1.5 + 1.2 
0.4 73-83 75.1 + 1.3 
0.5 68-72 69.0 + 1.7 
0.6 62-66 64.2 + 1.9 
0.7 56-61 57.9 + 1.7 
0.8 50-56 53.4 + 2.0 
1.0 43-48 46.1 + 1.4 
1.5 31-38 34.6 + 2.2 
2.0 28-33 31.6 + 1.8 


* Standard error of the mean. 


y TABLE 2. Recovery of added vitamin B,, 
mug mug per cent 
Hog liver prep. 2 0.00 0.16 
0.20 0.39 108 
0.00 0.27 
0.20 0.45 96 
0.00 0.48 
0.20 0.68 100 
Beef liver prep. 3 0.00 0.18 
0.20 0.36 95 
0.00 0.30 
0.20 0.52 104 
0.00 0.44 
0.20 0.65 102 
Reticulogen,* diluted 0.00 0.12 
0.20 0.32 100 
0.00 0.26 
0.20 0.45 98 
0.00 0.44 
0.20 0.63 98 
0.00 0.31 
0.40 0.69 97 
0.00 0.56 
0.40 0.94 98 


* Liver concentrate of Eli Lilly and Co. 


Interference of methionine. The mutant requires either 
vitamin By or methionine for growth in the medium. 
Because of the possible presence of methionine in By 
containing materials and especially in liver prepara- 
tions, the growth response of the mutant to methionine 
and the interference of the latter in the assay was 
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studied. In the medium without By», 100 ug of methio- 
nine gave a maximum growth of 35 after 16 hr incuba- 
tion under the conditions used. For testing the inter- 
ference of methionine, varying amounts of L-methionine 


were added to assay tubes containing different amounts | 


TABLE 3. Vitamin Bis content of reference samples assayed at 
different levels 


SAMPLE VITAMIN Bie FOUND VITAMIN By 

mug /tube ug/g 

APF No. 2 W* 0.16 3.2 
0.31 3.1 

0.47 3.1 

0.62 3.1 

0.83 3.3 

APF No. 2 Ct 0.24 4.8 
0.37 5.0 

0.46 4.6 

0.76 5.0 
Beef liver 0.20 0.27 
0.39 0.26 
0.55 0.25 
0.78 0.26 


* W denotes water extract of APF. 
7 C denotes citrate buffer extracts of APF. 
t Wet basis. 


TaBLeE 4. Recovery of vitamin By2 in the presence of methionine 


L-METHIONINE Bs APPARENT Bie 
BE mus 

0.2 2.0 10,000 0.205 
4.0 20,000 0.196 

6.0 30,000 0.196 

8.0 40,000 0.200 

10.0 50,000 0.202 

12.0 60,000 0.200 

16.0 80,000 0.246 

20.0 100,000 0.320 

0.4 4.0 10,000 0.408 
8.0 20,000 0.388 

16.0 40,000 0.380 

20.0 50,000 0.400 

24.0 60,000 0.412 

32.0 80,000 0.452 

40.0 100,000 0.692 

0.5 5.0 10,000 0.490 
10.0 20,000 0.510 

25.0 50,000 0.495 

50.0 100,000 1.000 


of By and the recovery of the latter was determined. 
Table 4 summarizes the results. 

When the ratio of methionine to vitamin By on a 
weight basis was 50,000 or less, the presence of the 
former did not introduce any significant error in the 
assay. The methionine content of liver preparations and 


APF extracts was determined and found to be far blow 
the limiting ratio (see table 5). Johansson (1951. re. 
ported a ratio of 300,000 based on the detectble 
amounts of methionine (150 myg per ml) and of B, 
(0.0005 mug per ml) when tested separately. Howe ver, 
there may be a difference in the growth response of the 
mutant to methionine alone and to methionine in the 
presence of By. The more reliable method for the de- 
termination of the interference is the recovery exyeri- 
ment. 


TaB_e 5. Vitamin Biz and methionine contents of commercial 
APF and liver preparations 


| VITAMIN Bis BY 
| L. leichmanni: | 


VITAMIN Bie BY 
E. coli 113-3 ME- 


Without) With Without With | 
cyanide cyanide cyanide cyanide 
| | | | | 
APF No. 1 W*. | 7.2] — | 63] — | 6s0 
ct. 8.7 | 8.1; 800 
| 
APF No. 2 W* | 42) — | 3.4] — | 600 
Ct. ..| 5.4] 5.3] 4.8] 4.9 | 1040 
| | | 
| 45) — | — | 1070 
Ct.. 8.5 8.6 8.5 8.6 1200 
APF No. 4 W*. | 43|/ — | 3.8] — | 540 
CT. 5.5] 4.7] 5.3} 1000 
APF No. 5 W* 17] — 12); — | 10 
Ct. | $.3| 3.2] 2.7] 2.8] 10 
APF No. 6 W*. | 3.4| — | 30| — | 100 
Ct. 9.3] 10.0! 8.1/| 8.7 | 360 
APF No.7 W*............| 3.8| — | 3.0] — | 300 
| Mg/ml | pg/ml | pg/ml | mg/ml | 
Liver prep. No. 3.......... | 8.1 


| 10.8 7.5 10.0 160 


Liver prep. No. 8........./ 30.0 30.6 | 25.6 32.0) 10 


* W denotes water extracts. 
+ C denotes citrate buffer extracts. 


The effect of other nutrients which may be present 
in By containing materials on the assay was also tested. 
Nine vitamins: thiamine, pyridoxal, pyridoxine, panto- 
thenic acid, riboflavin, nicotinic acid, p-aminobenzoic 
acid, biotin and folie acid added together at the con- 
centrations used for Leuconostoc citrovorum 8081 
in amino acid assay did not show any effect on the By 
assay. Guanine, uracil, adenine and xanthine added 
together at a concentration 8 times that used for the 
lactic acid bacteria also gave no stimulation to the 
mutant. Fifteen amino acids, exclusive of methionine, 
added singly at levels up to 0.5 mg per tube did not 
affect the assay. 

Vitamin By content of commercial APF and _ liver 
preparations. The By and methionine content of these 


sam ple 
tract ec 
alone. 
not af 
used. 
also t 
descril 
At the 
ples v 
tivity 
which 
The 
sampl 
and f¢ 
91) of 
low fi 
per ce 
A c 
report 
Resul 
liver | 
the 
99 pe 
The | 
105 p 
The § 
the ¢ 
may 
other 
not h 
Aci 
forms 
poten 
four 
tester 
also 
Vit 
activ 
Bin 
cent 
recov 
muck 
Thes 
to th 
for tl 
the ¢ 
Cr 
obtai 
unid 
kind 
have 
mate 
and 


3 mun 


of a 


g/ml 
160 


10 


sent 
ted. 
nto- 
3081 
By 
ded 
the 

the 
ine, 

not 


liver 
hese 


ASSAY OF VITAMIN By» WITH E. COLI 


samples are given in table 5. The citrate buffer ex- 
tracted more By from the APF samples than water 
alone. The bisulfite contained in the citrate buffer did 
not affect the growth of the organism at the dilutions 
used. The APF extracts and liver preparations were 
also treated with alkali to destroy the vitamin as 
described by Hoffmann ef al. (1949) and then assayed. 
At the same dilutions used before treatment, the sam- 
ples were inactive. This indicated that the entire ac- 
tivity was due to By, and not to the desoxyribosides 
which are stable to alkali. 

The EF. coli results for the water extracts of APF 
samples ranged from 71 to 88 per cent (average 81) 
and for the citrate extracts, 82 to 98 per cent (average 
91) of the L. leichmannii values. The mutant also gave 
low figures for the two liver preparations, 85 and 93 
per cent of the L. leichmannii results. 

A cyanide enhancement effect on By assay has been 
reported (Skeggs ef al., 1951; Cooperman et al., 1951). 
Results of this treatment on the citrate extracts and 
liver preparations are given in table 5. The activity of 
the citrate extracts for the mutant ranged from 87 to 
99 per cent (average 95) of the L. leichmannii results. 
The FE. coli figures for the liver samples were 93 and 
105 per cent of the corresponding L. leichmannii values. 
The greater increase in activity of the samples after 
the cyanide treatment when assayed with the mutant 
may be due to the lower response of the organism to 
other forms of By present in the samples before the 
cyanide treatment. In general the mutant gave results 
not higher than those given by L. leichmannii. 

Activity of different forms of vitamin By. Different 
forms of vitamin By occur in nature and have different 
potencies for certain assay organisms. The activity of 
four natural forms of vitamin By to the mutant was 
tested. Effect of cyanide on each of these forms was 
also determined. 

Vitamin By, was found to have 75 per cent of the 
activity of By. After cyanide treatment and aeration, 
Bix, showed the same potency as By, but only 88 per 
cent activity without aeration. By gave quantitative 
recovery after the same treatment and aeration, but a 
much lower recovery, 93 per cent, without aeration. 
These results indicated the sensitivity of the mutant 
to the excess of cyanide, and that in using this organism 
for the assay of natural material treated with cyanide, 
the excess of the latter must be removed. 

Crystalline pseudovitamin By (Pfiffner et al., 1951), 


_ obtained from the anaerobic fermentation of an as yet 


unidentified organism from bovine rumen content was 
kindly furnished by Dr. J. J. Pfiffner and was found to 
have a low activity to the mutant. Two yg of this 
material was equivalent to 0.77 yg of vitamin By 
and the relative activity about 0.4. In a private com- 
munication, Dr. Pfiffner gave the following comparison 
of activity (activity of vitamin By» = 1) to three or- 
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ganisms: L. leichmannii 7830, autoclaved 0.9, added 
aseptically 1.9; Lactobacillus acidophilus 8322, auto- 
claved 4.5, added aspetically 5.8; Lactobacillus lactis 
Dorner, 0.8. The /. coli mutant is less responsive than 
any of these bacteria. 

Vitamin By, a material from rat feces, was found 
to have the same R; value as the pseudovitamin By 
by Dr. U. J. Lewis, of this Department. A purified 
preparation of this material with an activity of 1.5 yg 
per ml to L. leichmannii ATCC 7830, determined by 
Dr. Lewis, was equivalent to 1.27 wg per ml to the mu- 
tant. 

No cyanide enhancement was observed with either 
pseudovitamin By, or with vitamin By;. 


SUMMARY 


A turbidimetric assay of vitamin By with a mutant 
strain of Escherichia coli is described. The standard 
curve was reproducible in shaken tubes and recovery 
of added vitamin By was satisfactory. Assay with sta- 
tionary tubes and flasks gave smaller usable range of 
the growth curve. Methionine interfered only when 
present in amounts 50,000 times that of By. Samples 
analyzed to date showed a ratio of methionine to By 
on a weight basis of less than 400. 

Citrate buffer containing a little bisulfite released 
more By from the commercial APF samples than water 
alone. Seven commercial APF samples and two liver 
preparations were analyzed with the mutant and also 
with Lactobacillus leichmannii (ATCC 4797). The first 
gave figures ranging from 71 to 105 per cent of that 
given by the second. Six of the samples showed an 
increased By, content of from 7 to 33 per cent after 
cyanide treatment. Vitamin By, with the same treat- 
ment and removal of the excess of cyanide showed the 
same activity as Bp. 

Pseudovitamin By and vitamin By were found to 
have a lower activity than vitamin By». No cyanide 
enhancement was obtained with these two forms of 
vitamin By. 
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Microbacteria have attracted attention because they 
are among the most heat-resistant, non-sporeforming 
types of bacteria found in dairy products. As they grow 
poorly, if at all, at 37 C, they usually were overlooked 
when the standard plate count procedure called for 
incubation of the plates for 48 hr at that temperature. 
However, they form small colonies when incubation 
temperatures of 32 to 35 C are employed. Because of 
their thermoduric nature, microbacteria have assumed 
inereasing importance as contributors to high post- 
pasteurization counts on milk products, as the use of 
low incubation temperatures has become more general. 
Also, their common association with poorly cleaned 
equipment has been responsible for increased interest. 

The significance of microbacteria in milk was first 
brought to light by Robertson (1927) in his researches 
on the thermophilic and thermoduric flora of pasteurized 
milk. Thomas et al. (1950) have reviewed the literature 
appearing up to 1950 on the incidence and thermoduric 
character of these organisms as they appear in dairy 
products and also have reviewed much of the literature 
in classification. 

The taxonomic position of this group of bacteria 
has been the subject of much controversy since Orla- 
Jensen (1919) gave them the generic name JMicro- 
bacterium. Other workers who were interested primarily 
in the taxonomic aspects of microbacteria included 
Jensen (1932, 1934), Wittern (1933), Speck (1943), 
Doetsch and Pelezar (1948) and Abd-El-Malek and 
Gibson (1952). 

Speck (1943) concluded that I. lacticum and M. 


flavum constitute legitimate species of the genus Micro- 


bacterium, which should be classified close to the genera 
Propionibacterium and Lactobacillus. Later, Doetsch and 
Pelezar (1948) confirmed and extended the studies of 
Speck. They also proposed another species which was 
designated Microbacterium sp., being less heat-resistant 
than M. lacticum but more fermentative. 

Abd-El-Malek and Gibson (1952) found that what 
they termed the saprophytic heat-resistant corynebac- 
teria of milk were indistinguishable from M. laclicum. 
They favored discarding the genus Microbactertum as 
had been proposed by Jensen (1932, 1934). They 
grouped the organisms they encountered under Coryne- 
bacterium lacticum. 


* Journal paper no. J-2158, Iowa Agricultural Experiment 
Station, Ames. Project no. 1050. 
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The present studies were undertaken to obtain in- 
formation relative to the occurrence of microbacteria 
in Iowa dairy products and to provide additional in- 
formation on certain characteristics of this group of 
bacteria. 


EXPERIMENTAL PROCEDURES 


In all isolation procedures the source material was 
streaked onto plates poured with tryptone-glucose-beef 
extract-milk agar (American Public Health Assn., 1948). 
These plates, as well as all other cultures not specifically 
stated to the contrary, were incubated at 32 C. Plates 
were incubated 2 or 3 days before isolations were at- 
tempted. A 0.01 ml loop usually was used for measuring 
the sample, where quantitative results were desired 
at the time of isolation. Where counts of pure cultures, 
as after heating, were desired, the usual standard plate 
count procedure for milk (American Public Health 
Assn., 1948) was followed with the sample. For primary 
isolations samples previously pasteurized were used 
without further treatment. Raw milk samples were 
heated at 61.7 C for 30 minutes or at 71.7 C for 2 
minutes before smearing. Raw cream samples were 
neutralized to 0.18 to 0.20 per cent titratable acidity 
and 5 ml portions heated to 61.7 C for 30 minutes. 
Butter serum was separated by melting at 45 to 50 C, 
and 5 ml quantities then were heated to 61.7 C for 30 
minutes. Non-fat milk solids were reconstituted 1:9 
in water and pasteurized before streaking. A 1 g sample 
of cheese was dispersed into 9 ml of 2 per cent sodium 
citrate, using materials previously warmed to 45 C. 
These suspensions were heated at either 71.7 C for 
2 minutes or 61.7 C for 30 minutes before smearing. 
Rinse water and swab rinses from utensils were diluted 
1:1 in sterile milk and heated to 61.7 C for 30 minutes 
before isolations were attempted. 

Colonies showing the characteristics of the known 
Microbacterium species available for comparison, as well 
as numerous colonies of other types, were examined to 
see if they were gram positive, non-sporulating short 
rods. Isolations of typical types were made into litmus 
milk. The sources of the cultures isolated and used are 
given in table 1. 

Attempts to develop a selective medium which would 
permit isolation of a large percentage of microbacteria 
from a sample containing numerous bacteria of other 
types proved unsuccessful. Apparently additional in- 
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formation relative to the distinctive characteristics of 
the genus will need to be available before real progress 
can be made in designing a suitable selective medium 
by other than extensive trial and error. Attempts to 
isolate M/. flavum by use of the method suggested by 
Wittern (1933) were unsuccessful. 

In addition to original isolations, cultures 34281 la- 
belled M. flavum and H2 designated as .W. lacticum 
were obtained from Dr. M. L. Speck, and cultures 
3RM5 (Microbacterium sp.), 3RM2 (M. lacticum) and 
531 (.M. flavum) were supplied by Dr. R. N. Doetsch. 
Culture 34281 of Speck has been designated as .Wicro- 
bacterium sp. by Doetsch and Pelezar (1948). 

The procedures used in sugar fermentation tests, 
starch hydrolysis, nitrate reduction, catalase test and 
preparation of the basal medium were those suggested 
by Speck (1943). 


TaBLe 1. Key to the sources of original isolations 


PRODUCT CULTURE 


Milk from individual pro- | 7/1, 14/1, 14/3, 18/3, 18/4, 42b1 
ducers 42b2, 47/2 

Pasteurized market milk PCl1, PC8, PM2, PM4, PM6, 

PMI18, PM19, PM21, PH1, PH4 


Cheese S1*, S3*, S4*, C2t, Hglt, Hg3t, 
L1§, 

Non-fat-milk solids DS1, DS2, DS4 

Vacreated cream VC2 

Butter Bu3 

Milker suction hose MS13 


* From Swiss-type cheese. 
+ From Cheddar cheese. 

t From Heidelberg cheese. 
§ From Limburger cheese. 
© From blue cheese. 


Gelatin hydrolysis was determined by the method 
of Smith ef al. (1946). Positive gelatin hydrolysis was 
recorded when a definite clearing around the colonies 
was observed after incubation at 32 C for 9 days; 
doubtful and negative reactions were recorded only 
after 20 days. Gelatin liquefaction was reported negative 
if no change had occurred in stabs in nutrient gelatin 
after incubation at 21 C for 28 days. Negative results 
in fermentations were recorded after incubation for 
14 days. 

Production of ammonia from peptone was tested on a 
medium containing 4 g tryptone and 0.1 g glucose in 
100 ml distilled water. After incubation for 7 days, 
Nessler’s reagent was used as the test for ammonia, 
using color development in an uninoculated tube as a 
control. 

Thermal resistance was tested using organisms grown 
for 3 or 4 days in proteose peptone broth and then 
added to skim milk. The skim milk suspension of or- 
ganisms was plated before and after heating to de- 
termine survival. Skim milk was used as the heating 
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medium in preference to broth because it gave resul  s 
more applicable to dairy products. 

Growth temperature range was determined by inocu - 
lating proteose peptone broth tubes with one loopfi | 
of a broth culture 3 days old and incubating at 21, 37 
and 45 C until growth occurred or up to 14 days. Incubi- 
tion at 3 to 5 C and 12 C was prolonged, if necessary, 
to 28 days. 

Salt tolerance was tested by using a double-strengti: 
proteose peptone broth to which enough sterile 25 per 
cent sodium chloride solution and sterile water were 
added aseptically to obtain the required salt concen- 
tration in broth of normal strength. The tubes were 
inoculated with one drop of culture 3 or 4 days old 
and then incubated up to 14 days. 

Lactic acid determination was by the method of Troy 
and Sharp (1934). 

Electron micrographs were taken from preparations 
made of cells centrifuged from the broth culture 3 
days old. An RCA type EMU electron microscope 
was used. 


RESULTS 


Cultures of microbacteria invariably were isolated 
from 0.01 ml portions of pasteurized market milk, 
0.01 ml or smaller quantities of cheese suspension, 
frequently from 0.01 ml portions of laboratory-pasteur- 
ized milk from individual producers and occasionally 
from other milk products. One strain was obtained 
from a dirty milking machine suction hose. Only a few 
farm utensils were examined and these did not contain 
the organisms in detectable numbers, possibly because 
hypochlorite, rather than hot water, was being used 
for bactericidal treatment. Since the procedures em- 
ployed were not quantitative, no actual counts are 
presented. However, quite a few of the samples con- 
tained about 1,000 microbacteria per milliliter and the 
approximate counts on several samples exceeded 10,000 
per milliliter or gram. In no case did the microbacteria 
constitute an important percentage of the countable 
bacteria in an unpasteurized product, but they some- 
times made up more than half of the count on pasteur- 
ized products. 

Some of the biochemical activities of the micro- 
bacteria strains are shown in table 2. Only three groups 
are recognized in the table, despite the variations in 
sugar fermentations, gelatin-hydrolyzing activity and 
nitrate reduction in the first group. Hydrolysis of starch 
and fermentation of maltose and lactose were general 
among group I, but there were differences in ability 
to hydrolyze gelatin and ferment the other sugars. A 
small percentage of the cultures reduced nitrates to 
nitrites. Group II was more fermentative than group I 
but failed to hydrolyze starch or gelatin, while the 
culture of MZ. flavum placed in group HI was rather 
inert. None of the cultures used in this study produced 
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ammonia from tryptone in 7 or 21 days at 32 C. All 
cultures failed during incubation at 32 C for 10 days to 
show any evidence of fat hydrolysis, using the nile 
blue sulfate technic of Collins and Hammer (1934) 
with coconut oil as the fat substrate. Gelatin was not 
liquefied by any of the cultures in 28 days at 21 C. 
When heat treatments of milk suspensions giving 
pretreatment counts of about 3 million were used, 
cultures 3RM5 and 34281 of group IT showed survivals 


TABLE 2. Some of the biochemical characteristics of microbacteria 


ACID PRODUCTION FROM* 
GELATIN STARCH — 


Group I 
PCs, 3RM2, PM2, 3+ 
DS1, PH4, PM6 
PM4, VC2, 18/3, 
42b1, 42b2, DS4, 


S1, C2, PCI, Hgl, S4, | + 
14/1, 7/1, S38 


Group IT 


3RM5, 34251 | — | +) +/+ 1+ 


Group IIT 


* All cultures with the exception of 531 produced acid from 
lactose and only 34281 and 531 failed to produce acid from 
maltose. All were catalase positive. 


of slightly over 1 and 10 per cent, respectively, when 
heated at 61.7 C and no survival after 71.7 C for 10 
minutes. Under similar conditions, five representative 
cultures of group I showed no definite decrease in 
count after heating at 71.7 C for 30 minutes. Even 
at 83 C, all but three of the organisms (H2, PM2 and 
14/3) of group I survived for 2.5 minutes, some in 
relatively large numbers. More detailed data on four 
of the more resistant cultures of group I heated at 84 
C are presented in table 3. Survival of 11 to 33 per cent 
after heating at 84 C for 2.5 minutes was obtained, 
and two of the four strains even survived in small 
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numbers a treatment of 15 minutes at 84 C. Organism 
531 of group IIT failed to survive 83 C for 2.5 minutes, 
but no data on survival at lower temperatures were 
obtained. 

These organisms produced acid in milk rather slowly. 
All of the organisms of group I had changed the re- 
action of litmus milk to distinctly acid in 4 days at 32 C. 
Twenty-eight cultures of group I produced 0.32 to 
0.46 per cent developed acidity, calculated as lactic 
acid, and curdled the milk after 10 days, but five cul- 
tures failed to curdle the milk, one producing only 


TABLE 3. Survival data on selected cultures of group I heated at 


HEATED FOR 2.5 MIN HEATED FOR 15 MIN 


Count/m1 


CULTURE | 
Count/ml 


Count/ml Count/ml 
| before | after before after 
| heating | heating | heating heating 


SI 1,500,000 500,000 331,500,000 10 


Bl 1,900,000 303,000 16 900,000 «50 
Bu3 2,100,000 350,000 172,200,000 20 
PCI 600,000 66,000 | 11 500,000 10 
| | 


TABLE 4. Production of lactic acid by microbacteria in skim milk 
and in giucose broth* 


CULTURE DEVELorED | Lactic ‘DEVELOPED 
ACIDITY 
% % % To 
Group I 
PCI 0.545 0.322 0.277 86.0 
Sl 0.55 0.327 0.28 85.6 
Ll 0.54 0.317 0.223 70.3 
14/3 0.535 0.312 0.256 82.1 
0.42 0.223 0.179 90.8 
DS2t 
Group IT 
3RM5 0.34 0.187 0.099 52.9 3 


* Incubated for 7 days at 32 C. 
+ In glucose broth. 


0.135 per cent developed acidity. Failure to curdle 
milk was not correlated with other characteristics within 
this group. Organisms of group II produced a definite 
acid reaction in litmus milk in 14 days but no coagula- 
tion; the increases in titratable acidity after 10 days 
were 0.185 and 0.26 per cent for 3RM5 and 34281, 
respectively. Organism 531 (group III) gave no detect- 
able change in litmus milk after 21 days and gave only 
0.045 per cent developed acidity in skim milk after 
10 days at 32 C. The percentage of lactic acid in the 
developed acidity produced in skim milk and glucose 
broth by representative strains of groups I and II 
was determined. The data in table 4 indicate that lactic 
acid constitutes a major portion of the acidity developed 
in skim milk and glucose broth by members of group I, 
but organism 3RM5 of group II yielded only about 
half of the acidity as lactic acid. 
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Of 32 cultures of group I tested, 17 failed to grow 
in proteose peptone broth in 14 days at 36.5 to 37 C, 
whereas all the cultures showed a slight growth at 12 C. 
In most cases, the growth at 37 and 12 C was not enough 
to cause turbidity in the broth, although typical stringy 
growth could be seen at the bottom of the test tubes. 
Of the 15 cultures which grew at 37 C, 13 gave only 
slight growth after 14 days. Organisms of groups IT 
and III grew relatively well at 37 C. None of the cultures 
of the three groups grew at either 3 to 5 or 45 C. 

Most of the cultures were fairly salt tolerant. Six 
cultures of group I grew when the concentration of 
sodium chloride was 6 but not 8 per cent; the remainder 
of the group grew in the presence of 8 per cent salt. 
Organisms of group II grew in 10 per cent sodium 
chloride concentration, but MW. flavum (group ITT) failed 
to grow in broth containing 9 per cent sodium chloride, 
although it has been reported that it can grow in 10 
per cent concentration (Doetsch and Pelezar, 1948). 

Studies on colony characteristics and morphology 
of these organisms confirmed the findings of previous 
workers. Surface colonies of groups I and II grown on 
standard milk agar were smooth, round, glistening, 
convex, grayish-white, with the subsurface colonies lens- 
shaped. The colonies measured from less than 1 mm to 
1.5 mm in diameter when incubated at 32 C for 3 days, 
with an average of about 1 mm. However, colonies of 
M. flavum were larger and were faintly yellow with a 
darker center. All the organisms were non-motile, non- 
sporulating and gram positive. The cells characteristi- 
cally were in a palisade arrangement. Some of the cells 
showed granules, especially in unshadowed prepara- 
tions examined with the electron microscope. 


DISCUSSION 


Microbacteria of group I could be isolated from most 
samples of Iowa dairy products examined, by using 
their unusual heat resistance as a selective procedure. 
The procedures employed were not such that exact 
counts could be obtained, but in some samples the 
microbacteria constituted a considerable portion of the 
thermoduric microflora. However, in no case did these 
organisms cause counts to be so high as to be above 
usually accepted standards. Failure to find these or- 
ganisms in larger numbers in or on dairy farm utensils 
may be a reflection of the common use of chemical 
bactericidal agents, rather than heat, in the sanitiza- 
tion of equipment on the dairy farm. A larger number 
of samples should be examined with more definitely 
quantitative procedures before definite conclusions are 
reached concerning incidence of these bacteria on Iowa 
farms and in Iowa dairy products. 

Despite numerous attempts and the examination of 
a large number of colonial types in an endeavor to 
obtain microbacteria of types other than group I from 
Iowa dairy products, the only microbacteria isolated 


were members of group I. Since heating at 61.6 C ‘or 
30 minutes usually was used as an aid to isolation, 
rather than the considerably higher temperatures whi -h 
might have been used had only organisms of grou): | 
been sought, heat destruction of the other types hardly 
seems an adequate explanation for their absence, even 
if they are not so able to withstand high temperatures 
as are the members of group I. The cultures of the 
other groups that were available for testing grew as 
well as or better than the members of group I on the 
media employed and the incubation conditions seemed 
satisfactory, so selective conditions of growth during 
primary isolation hardly seem to explain the absence of 
these types. Speck (1943) also found organisms cor- 
responding to group I to be dominant among the 
strains he isolated and characterized. Doetsch and Pel- 
ezar (1948) observed a similar but less marked trend 
among their isolates. European workers seem to have 
found much greater proportions of other types among 
their isolates, but the reason for this is not apparent. 
The continuing failure to isolate in this country an 
organism which can be classified as M. liquefaciens, 
while such organisms seem relatively common in Eu- 
rope, is a point of some interest. 

The organisms which have been placed in group I, 
both the isolates and the cultures obtained from others, 
all seem to form an homogeneous group. There are some 
variations within the group, but none of the variations 
seem to provide a sound basis for any sub-division, 
even at the variety level, because of the common inter- 
gradations of characteristics. They all grow slowly on 
artificial media and in skim milk, show optimum growth 
at 32 C, are catalase positive, gram positive, aerobic, 
non-sporeforming, non-motile short rods of relatively 
small size which produce predominantly lactic acid 
from the lactose of milk or glucose in a broth. They are 
very heat-resistant, consistently ferment lactose and 
maltose and hydrolyse starch, and are relatively tolerant 
to salt. They sometimes are feebly proteolytic and are 
non-lipolytic. These characteristics all indicate that 
the members of group I belong to the species Micro- 
bacterium lacticum as defined by Orla-Jensen (1919), 
Speck (1943) and Doetsch and Pelezar (1948). Seven 
of the 35 cultures of M. lacticum produced acid from 
raffinose, xylose and arabinose but not from glycerol. 
These cultures could not be regarded as Microbacterium 
sp. of Doetsch and Pelezar because they hydrolyzed 
starch, failed to produce acid from glycerol, grew poorly 
or not at all at 37 C, and were less salt tolerant. These 
organisms also differed from the raffinose fermenters 
encountered by Abd-El-Malek and Gibson (1952) be- 
cause they were able to survive in appreciable numbers 
heating to 71.7 C for 30 minutes and 83 C for 2.5 
minutes. Three other cultures of group I were able to 
ferment xylose and arabinose, but not raffinose; they 
seemed otherwise indistinguishable from the larger 
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group. Doetsch and Pelezar (1948) also found one 
culiure with this latter fermentation pattern; although 
they excluded this culture from the species A/. lacticum 
on the basis of their description of the species, they 
did not provide a place in which to put the culture in 
their classification. Presumably the description of the 
species M. lacticum should be amended to include those 
cultures which occasionally are encountered with greater 
fermentative ability than previously has been ascribed 
to the species, for their other characteristics seem to 
indicate they definitely belong to the species. 

The organisms of group II previously had been desig- 
nated Microbacterium sp. by Doetsch and Pelezar (1948) 
and no new cultures were isolated in the present study. 
Speck (1943) earlier had classified organism 34281 as 
M. flavum, on the basis of its inability to ferment mal- 
tose and its considerably lesser heat resistance. The 
two organisms of this group could not be differentiated 
as completely from M. lacticum as Doetsch and Pelezar 
(1948) had indicated, because a number of the strains 
which definitely seemed to be M. lacticum fermented 
one or more of the raffinose, xylose and arabinose group 
of sugars. However, the positive fermentation of glycerol 
by these organisms and the failure to hydrolyse starch, 
coupled with the much lower heat resistance, the slower 
acidification of milk, the lower percentage of lactic 
acid in the acids produced, the ability to grow at a 
somewhat higher salt concentration and the mor- 
phological differences seem to provide a basis for recog- 
nition of a separate species. Those who first showed this 
relationship should have the privilege of selecting the 
species name. The characteristics are sufficiently similar 
to those of M. lacticum to indicate that these bacteria 
probably belong in the same genus; however, the close 
resemblance of organisms 3RM5 and 34281 to thermo- 
duric members of the genus Micrococcus is worthy of 
note. The organisms of group II apparently are con- 
siderably less common than is M. lacticum, for Speck 
(1943) found only one culture out of a considerable 
group of isolations, Doetsch and Pelezar (1948) at 
least did not find them to be preponderant, and no 
isolations of this type were made in the present investi- 
gations. 

The one culture of group III undoubtedly repre- 
sents the species M. flavum and is easily differentiated 
from the two other species. Since only one culture was 
examined, there is no adequate basis for an opinion as 
to whether M. flavum should be retained in the same 
genus with M. lacticum and Microbacterium sp. Of some 
possible significance is the fact that this species has not 
been isolated by earlier investigators (Robertson, 1927; 
Speck, 1943; Doetsch and Pelezar, 1948) who have 
studied the genus Microbacterium as it occurs in dairy 
products in this country or in the present investigation. 

The results presented in this paper do not provide 
an adequate comparative basis for expressing a satis- 


factorily documented opinion relative to the place in 
which this group of bacteria should be classified. How- 
ever, the authors would like to call attention to the 
possible close relationship of these bacteria to the family 
Micrococcaceae. Orla-Jensen (1919) suggested this re- 
lationship more than 30 years ago. The description 
Abd-El-Malek and Gibson (1948) gave for their group 
III B of the micrococci parallels very closely the char- 
acteristics of Microbacterium sp. except for the slight 
difference in morphology. In a later publication of 
these same authors (1952) they point out that the 
organisms which might be confused with their Coryne- 


_ bacterium lacticum in their procedure for segregation 


of this type were thermoduric micrococci of their group 
III B. Certainly in any comparative study made of the 
genus Microbacterium the relationships with the genus 
Micrococcus should be examined, as well as the relation- 
ships with the saprophytic corynebacteria. Thermo- 
duric character, salt tolerance, catalase activity, aerobic 
character of metabolism and many other characteristics 
are those of the micrococci. Morphology is hardly a 
valid basis for disregarding this suggestion, for both 
the families Lactobacteriaceae and Nitrobacteriaceae, as 
now recognized, contain both coccus and rod forms. 
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SUMMARY AND CONCLUSIONS 


Microbacteria were isolated from most of the Iowa 
dairy products examined for this type of bacteria. They 
never constituted a large percentage of the countable 
bacteria in unpasteurized products, but they commonly 
accounted for more than half of the countable colonies 
from pasteurized products. 

Only microbacteria identifiable as Microbacterium lac- 
ticum were isolated during these studies. This species 
shows greater variability with respect to destruction 
by heat and to sugar fermentations than has been re- 
ported in previous studies. 
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Relatively few papers have been published on the 
carbon nutrition of Penicillium chrysogenum and. its 
effect on penicillin yield. Jarvis and Johnson (1947) 
investigated the relationship between sugar utilization 
and penicillin formation in detail. They found that opti- 
mal penicillin yield is obtained if glucose and lactose 
are present in such ratios that the proper quantity of 
mycelium is formed from the readily available glucose 
before the mold is forced to use the slowly fermented 
lactose. Cook and Brown (1949-1950) studied the effect 
of various carbohydrates and salts on penicillin yields 
and evaluated them for the possible relation to the 
mechanism of formation. 

The work reported here presents the results obtained 
when lactose is replaced by glucose, or by other carbo- 
hydrates, in such a way that there is a controlled growth 
of the mold during the penicillin production phase. 
This condition can be established by the slow addition 
of the sugar to the fermentation by suitable means. 
This study was done exclusively on a shake-flask scale. 
Work of a similar nature was conducted in 30-liter fer- 
mentors and will be reported elsewhere (Hosler and 
Johnson, 1952). 


EXPERIMENTAL MeEtTHops 


Fermentation techniques. Penicillium chrysogenum Q- 
176 was used exclusively in these experiments. Informa- 
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tion about the origin of this strain and previous studies 
on pelicillin yields by its use have already been published 
(Gailey et al., 1946). 

Inoculations were made with 5 ml of vegetative 
suspension 45 to 48 hours old grown on standard fer- 
mentation medium. This had been inoculated with 5 ml 
of a spore suspension which had been grown on the 
standard spore plate medium described by Gailey et al., 
(1946). All fermentations were run on a rotary type 
shaker at a total volume of 100 ml in 500 ml Erlenmeyer 
flasks. The shaker operated at 250 rpm and described a 
2-inch circle. The temperature was 25 C in all runs. 

The fermentation medium used for these experiments 
was as follows (figures represent grams per liter): lac- 
tose, 30 (in control only); glucose, 10; ammonium ace- 
tate, 3.5; ammonium lactate, 6.0; KH2PO,, 6.0; MgSO, 
7H.0, 0.25; ZnSO,-7H20, 0.02; FeSO,, 0.02; MnS0,, 
0.02; and NaSO,, 0.5. The pH was adjusted to 6. 
before sterilization. Further additions of sugar were 
started when the fermentations were 24 hours old and 
continued thereafter, except for the lactose controls, 
which received no additional sugar. In the intermit- 
tently-fed runs, additions were made in 2 ml portions 
every 12 hours until penicillin production reached a 
maximum. Sodium phenylacetate at a 0.05 per cent 
level (calculated as the acid) was added as precursor 
to all fermentations every 12 hours (Higuchi et al., 
1946). 

In the continuously-fed runs, feeding was achieved 
with the device used as an anti-foam control in tank 
fermentations (Anderson et al., 1952). Feed rate was 
controlled by the concentration of the sugar solution 
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ysed (15 to 45 per cent), as well as by the fraction of 
the total time the device operated. Precursor (sodium 
phenylacetate) was added with the sugar solution. The 
fasks were incubated on a rotary shaker. 

All fermentations were run in duplicate flasks and the 
figures reported here are the average of these two flasks. 
samples for penicillin assays and chemical analyses 
vere taken under aseptic conditions and handled in the 
manner described by Gailey ef al. (1946). Sterilization 
i solutions was done by autoclaving separately at 15 
pounds pressure for 20 minutes. The solutions were 
ihen poured aseptically into the burettes. 

Analytical procedures. Penicillin was assayed by the 
Oxford cup method with the use of A/icrococcus pyogenes 
ur. aureus as the test organism, and penicillin G as the 
standard. 

The pH of each sample was determined, immediately 
after removal, by means of a glass electrode. 

All sugars were determined by the Shaffer and So- 
mogyi (1933) method with their reagent 50 containing 
jg of potassium iodide. Titrations were referred to 
standard curves prepared for each sugar. Sucrose was 
hydrolyzed in 0.5 N HCl at 100 C for 10 minutes; 
lactose in 0.5 N HCl in an autoclave at 15 pounds pres- 
sure for 15 minutes. 

Soluble Kjeldahl nitrogen was determined by the 
method described by Johnson (1941). The mycelial 
nitrogen was determined by substracting the soluble 
nitrogen present at the time of sampling from the 
wluble nitrogen present at the time of inoculation. 

Phosphorus was determined by the modified Fiske 
and SubbaRow method of Koepsell et al., (1944). 


RESULTS AND DiIscussION 


It has been realized for some time that a maximum 
rate of penicillin production is obtained only under 
fermentation conditions which support a very slow rate 
of growth. 

Although conditions which support a very low my- 
elial growth rate are desirable for penicillin formation, 
the growth phase of the fermentation should be char- 
acterized by the rapid development of a high concentra- 
tion of mycelium. Thus, an ideal medium should support 
two distinct growth rates: a rapid rate throughout 
the growth phase and a much slower rate during the 
remainder of the fermentation. 

The importance of the pH in penicillin fermentations 
has been discussed previously in detail by Johnson 
(1946). Optimum pH values ranging from 4.0 to 6.5 
have been established for the growth phase, and from 
7.0 to 7.5 for the penicillin production phase. Variables 
affecting the pH will be discussed later. 

A synthetic medium capable of producing this ideal 
performance had been developed previously by properly 
choosing and balancing its constituents. Under a given 
set of conditions, the major factor affecting the rate of 


fermentation is the nature of the carbohydrate used - 


in the medium. Glucose is fermented at a very rapid 
rate, and lactose at a much slower rate. Sucrose and 
galactose are utilized at about the same rate as glucose. 
As the rate of mycelium production varies directly with 
the rate of sugar utilization during the growth phase, 
the use of a mixture of glucose and lactose in the medium 
will produce suitable rate conditions for the fermenta- 
tion. 

Intermittent feed. Lactose was known to be the best 
carbohydrate for penicillin production. This superiority 
was attributed to its slow rate of fermentation. It was 
thought that a fermentation to which a rapidly utilized 
carbohydrate was slowly added to simulate the slow 
utilization of lactose, would give good penicillin yields. 


TABLE 1. Penicillin yields on various carbon sources 


SUBSTRATE 
12 HOURS YIELD 
g/l u/ml hr 

p-glucose control......... 30.0* 140 119 
Lactose controlf......... 30.0 500-600 120 
p-arabinosef............. 5.0 88 71 
5.0 770 143 
p-galactose............. 5.0 520 96 


Substrates added to mycelium grown in synthetic medium 
containing 1 per cent glucose. Additions started when the 
fermentations were 24 hours old. Sodium phenylacetate was 
added as precursor to every flask. 

* Added at zero hours. 

+ Average of several separate runs; added at zero hours. 

t Apparently not fermented. 

§ Separate run. 


The method first employed was intermittent feeding 
of the carbohydrate every 12 hours, starting after the 
fermentation was 24 hours old, when the mycelial 
growth was almost complete. In table 1 are shown the 
results obtained on the synthetic medium when a variety 
of carbon sources were fed intermittently. The glucose 
control, in which all the sugar was added at the begin- 
ning, illustrates the results obtained when a rapidly 
fermenting sugar is used as a simple replacement for 
lactose. 

Figure 1 gives data on sugar concentrations in a 
fermentation to which glucose was intermittently 
added. It is apparent that under the feed schedule 
employed, periods of sugar excess alternated with pe- 
riods of starvation. It will be noted that the time 
required for sugar exhaustion increased as the fermen- 
tation became older. A special fermentation, in which 
the feed rate was progressively decreased to compen- 
sate for this, gave a somewhat longer penicillin-produc- 
ing phase with accompanying increase in yield. No 
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direct correlation could be established between the 
actual penicillin production and the sugar starvation 
periods when the intermittent feeding system was em- 
ployed. 

Experiments were then designed to determine the 
optimum rate of feed. Figure 2 presents the information 
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mittent feed method led to the assumption that con inu- 
ously fed fermentations might give an additiona. im. 
provement. It was found that with the feeding arrsnge. 
ment used, the feed rate varied about 10 per cent diiring 
the fermentation. The average feed rate was used in all 
calculations. 


4—4 Control fermentation (3% lactose) H Pen, 
o—o Glucose fermentation P u/ml 
Percent 7.0 3 600 
Glucose pH 
6.0 + 500 
0.8 5.0 4 400 
0. 64 7 300 
0.4 200 
0.2 | 100 
0 0 
0 


hours beginning at 24 hours. 


75 
Time in hours 
Fic. 1. Penicillin production from glucose. Average of 3 flasks on synthetic medium. 0.5 per cent glucose 


added every 12 


3% lactose control 


0 25 50 


125 150 


Time in hours 


Fic. 2. Penicillin production on synthetic medium at various glucose feed rates. Percentage figures represent amount of | 
glucose added every 12 hours starting at 24 hours. Control contained 3 per cent lactose added at zero time. No further sugar 


additions were made to the control. 


obtained from such runs. It will be seen that approxi- 
mately 0.4 per cent glucose every 12 hours was found 
optimal. When sucrose was fed to a synthetic medium 
the optimum values appeared to be less sharp. Figure 3 
presents the data from the sucrose fermentations. High 
sugar feed rates lead to a rapid drop in pH and very 
heavy growth, followed by sporulation because of de- 
pletion of nutrients other than sugar. Low feed rates 
lead to eventual autolysis because of sugar starvation. 

Continuous feed. The success obtained with the inter- 


By continuously feeding glucose or sucrose solutions f 


to shake flasks fermentations, it was possible to obtain 
penicillin yields sometimes twice as high as those ob- 
tained from 3 per cent lactose controls. The summary of 
fermentations at different sugar feed rates is presented 
in figure 4. The optimum sugar feed rate under the con- 
ditions employed here lies close to 0.030 per cent sugar 
per hour when glucose is the carbohydrate utilized. | 
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Optimal values appear to be close to 0.036 per cent 
sucrose added per hour. 

Figure 5 represents a typical fermentation showing 
the chemical changes occurring when the continuous 
feeding system is employed. It can be seen that penicil- 
jin production increases very slowly after 120 hours. 
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pletion did not occur; 66 per cent of the original phos- 
phorus was found present after 120 hours. In more 
recent work it has been possible to extend the penicillin 
production to 196 hours at a more or less constant rate 
by the addition of ammonium acetate mixed with the 
sugar solution. This evidence strongly supports the 
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Fig. 3. Penicillin production in synthetic medium at various sucrose feed rates. Percentage figures represent amount of 
sucrose added every 12 hours starting at 24 hours. Control contained 3 per cent lactose added at zero time. No further su- 


gar additions were made to the control. 
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0. 030 
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Feed rate - % sugar per hour 


Fic. 4. Effect of feed rate on penicillin yield. Sugar additions started after 24 hours, with feed rates as indicated. Synthetic 


medium used in all fermentations. 


There is the possibility that this could be due to an 
almost complete depletion of nitrogen in the medium. 
In many instances the figures obtained for soluble 
nitrogen in the medium at that time showed only 10 to 
15 per cent of the original remaining, and it should be 
remembered that this soluble nitrogen might include 
any secretion products from the mycelium which were 
unavailable for nutrition of the mold. Phosphorus de- 


belief that the depletion of ammonia nitrogen is the 
first limiting factor in the production of penicillin when 
the synthetic medium is used. 

As can be expected, no autolysis of the mycelium 
occurred as long as sugar was being added, and the pH 
tended to drop as the fermentation grew older. Prac- 
tically no sugar was detectable at any time during the 
fermentation when glucose was used. In the case of 
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Penicillin JOHNSON, 
Feed rcent pH u/ml polyps 
rate Glucose Mycelial - N 
%/hr. 7.0 y/ml + 2 JOHNSON, 
pH molds 
KOEPSELL 
0.050 of ph 
0.040 
0.030 A Mi 
0.020 
0.010 
0 : 
0 25 50 75 100 125 150 175 
Time in hours The 
Fic. 5. Chemical changes in a continuously fed glucose fermentation. Overall feed rate—0.029 per cent glucose per hour, moe 
Total sugar added—5.08 per cent in 168 hours. 
is not 
sucrose, considerable amounts (up to 0.7 per cent) conditions with lactose. Under the conditions used, f ihe affe 
could be detected after 48 hours when high feed rates with a 12-hour interval between additions, an addition F jom th 
were employed (over 0.050 per cent per hour). rate of 0.4 per cent glucose per 12 hours was found “may be 
Effect of pH. When the slow addition of sugar is optimal. wound 
begun the pH becomes a function of the feed rate A method for slow continuous addition of nutrients F \nothe 
employed. Low sugar feed rates lead to operation at to shake flask fermentations is described. that th 
above optimum values while high sugar feed rates have Penicillin yields of twice those of lactose control F of the i 
the opposite effect. These facts can be explained on the have been obtained in synthetic medium when glucoe Ff  \ma 
basis of differences in rates of ammonium intake by the or sucrose are continuously added to the fermentations (1925), 
mycelium, of utilization of organic anions from the einer ean conditions employed, # sugar feed rate ¢ (1886) 
medium, or of controlled liberation of basic substances anpracmuately 0.030 per cent sugar per hour has beet § ssimal 
found optimal for glucose and one of 0.036 per cent per yere 
rom the my m. It was observed that the pH plateau “Te mes 
(defined as the average of pH values from 48 to 120 
hours) can be fixed at will at any reasonable desired REFERENCES <0 
value if the proper feed rate is employed. When the pH eee 
lotted feed Anprerson, R. F., Wuirmore, Jr., L. M., Brown, W. E. could 
P ateau ott against the rate Pererson, W. H., B. W., RorGner, F. the ot] 
straight line relationship is obtained. Operation at a T. H., Backus, M. P., Sravrrer, J. FP them 
feed rate of 0.042 per cent sugar per hour gave a pH 1952 Production of penicillin by some pigmentless mu ¢ y+, 
plateau of 6.7, while operation at 0.015 per cent sugar tants of the mold Penicillium chrysogenum Q-176. Ind. } hie 
r hour gave a pH plateau of 7.8. It is apparent that ing. Chom. fs press. Pe 
ff hi t of Cook, R. P. anp Brown, M. B. 1949-50 Studies in penicillin 
pH plateau below the optimal value, as previously Gainey, F. B., Srerantak, J. J., OLson, B. H., anp Jounsoy, } ing pr 
determined (Singh and Johnson, 1948). It must be M. J. 1946 A comparison of penicillin producing straits |) sue an 
clearly established that no attempt was made to keep of Penicillium notatum-chrysogenum. J. Bact., 52, 129. f taken 
the pH at optimum values in any case by using external Hicucut, K., Jarvis, F. G., Pererson, W. H., AND JOHNSON, — 
M. J. 1946 Effect of phenylacetic acid derivatives on - 
control. be of i 
the types of penicillin produced by Penicillium chrys0- i 
genum Q-176. J. Am. Chem. Soc., 68, 1669. ouey 
SUMMARY Hoster, P., anp Jonnson, M. J. 1952 Penicillin production | nodes 
Glucose, or a number of other rapidly used carbo- under continuously controlled conditions. Ind. King. of bax 
’ 
i i meee ee Chem. In press. predo 
hydrates, intermittently fed to shake flask fermenta- Jarvis, F. G., ano Jounson, M. J. 1947 The role of the}) in th 
tions, has given penicillin yields on synthetic medium constituents of synthetic media for penicillin production. |) thy, 
equal to, or better than, those obtained under the same J. Am. Chem. Soc., 69, 3010. seevi 
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The etiology of the deep spoilage that sometimes 
occurs in improperly handled pork and beef carcasses 


isnot well understood. It has been postulated by some 


workers that the causative organisms gain access to 
the affected tissues as a result of post-mortem invasion 
from the intestinal tract, while others believe that they 
may be introduced into the carcass by way of the stick 
wound and distributed through the circulatory system. 
Another possibility, and one to be considered here, is 
that these spoilage organisms may be the inherent flora 


| of the involved tissues. 


Amako (1910), Bierotti and Machilda (1910), Brewer 
(1925), Conradi (1909), Hauser (1886) and Von Fodor 
(1886) examined tissues taken from living and dead 
animals of various kinds. The results of these studies 
were conflicting, some indicating that bacteria are com- 
monly found in normal muscle tissue and others seeming 
to demonstrate that such tissue is generally sterile. 


More recently Reith (1926) concluded that bacteria 


could be found in the musculature of living hogs. On 
the other hand, the work of Jensen and Hess (1941) led 
them to believe that the muscle tissue and bone marrow 


_ of living hogs are generally sterile, but that many kinds 
of bacteria can be isolated from these sites after the 
animals have been slaughtered. It was also shown that 


organisms placed on stick knives prior to the slaughter- 


_ing process could be recovered later from the muscle tis- 
' sue and bone marrow of the carcasses. While not under- 
taken specifically with the subject of meat bacteriology 


in mind, a study conducted by Adamson (1949) should 
be of interest to those working in this field. His extensive 
study revealed that a large proportion of 804 lymph 
nodes removed from human corpses contained a variety 
of bacteria, with coliforms, micrococci and streptococci 
predominating. It was suggested that the bacteria found 
in the nodes might have gained access to the body 
through skin abrasions, localized in the nodes and 
sur\ived there for some time. 


EXPERIMENTAL MeErHops 


In the course of this investigation samples from 11 
chucks and 12 rounds of beef were examined. These 
were secured from 23 cattle which had been slaughtered 
at the Ohio State University Meats Laboratory, or at 
commercial establishments in Indianapolis and Chicago. 
The prescapular lymph node, the humerus and muscle 
tissue bordering this bone were removed from each 
chuck; while the popliteal lymph node, the femur and 
neighboring muscle tissue were taken from each round. 

Samples could not be taken aseptically from the car- 
casses since doing so would decrease their commercial 
value. However, it was possible to secure lymph nodes 
completely encased in masses of fat. A procedure was 
used which allowed the aseptic removal of the nodes 
from these fat capsules by repeatedly searing a surface 
of the fat capsule with a large red-hot spatula, and then 
removing the node aseptically. The node was dipped in 
95 per cent ethyl alcohol and then held in the flame of a 
Fisher burner until the aleohol was burned off. This 
procedure was repeated twice. A similar method was 
used to remove smaller samples from the large portions 
of muscle. However, this procedure was modified for 
the aseptic removal of marrow from bone. Each bone 
was first cut transversely with a meat saw. Then the 
cut ends were seared with a Fisher burner. The charred 
marrow was scraped away and the sample removed 
with a sterile spatula, approximately one inch from 
the cut end of the bone. Preliminary studies have in- 
dicated that these methods were sufficient to destroy 
cultures of Bacillus subtilis placed on the surface of fat 
capsules, bones, and strips of muscle tissue, although 
cultures of non-spore forming Serratia marcescens inocu- 
lated into the nodes, marrow and muscle tissue were 
not destroyed. 

As each sample was removed, it was placed in a 
sterile aluminum Waring blendor cup containing 200 
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ml of physiological saline, weighed and comminuted. 
Then serial dilutions were prepared and from these 
both isolation and enrichment media were inoculated. 
Four sets of pour plates were prepared from each dilu- 
tion, using North gelatin agar, eosin methylene blue 
agar, and heart infusion agar containing 5 per cent 
sterile horse blood. These, together with inoculated 
tubes of cooked meat medium and Kracke’s blood 
culture medium were incubated anaerobically at 37 C 
in a Brewer jar and each set aerobically at 37 C, 20 C 
and 1 C for 7 days. After incubation, total bacterial 
counts were made and those colonies which differed 
macroscopically were picked and subcultured. Streak 
plates were made from the enrichment culture media, 
using EMB agar, blood agar, North’s agar, and blood 


LEPOVETSKY, WEISER, AND DEATHERAGE 


of 23 of the muscle samples. Only two samples of bone 
marrow showed a sufficient number of organisms ‘o be 
counted. Although 492 isolations were made in the 
course of this investigation, all but 93 of the isclates 
were eventually discarded as duplicates. 

A summary of the bacterial counts are shown iy 
table 1. It can be seen that the counts progressively 
decreased as the incubation temperature was lowered, 
the highest counts usually occurring on those plates 
incubated aerobically at 37 C. In general, the heart 
infusion blood agar gave slightly higher counts than 
the other two media. The relatively high counts ob- 
tained on EMB agar were indicative of the general 
abundance of gram-negative organisms in the samples, 
Notable exceptions to some of the above statements 


TaBLe 1. A summary of the bacterial counts showing the minimum, maximum and median numbers of bacteria in the positive samples 
as indicated by various media and conditions of incubation 


NUMBERS OF ORGANISMS IN THOUSANDS PER GRAM OF SAMPLE 
SAMPLES SAMPLES TEMPERATURE —. 
Min Max Med Min Max Med Min Max Med 
Lymph nodes 8 15 = fad 0.09 532 6.20 0.08 493 6.30 0.00 469 5.80 
37 6.11 668 9.80 0.08 764 11.00 0.04 723 8.30 
20 0.07 376 2.40 0.07 376 2.80 0.00 324 2.00 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Bone marrow 20 3T 0.46 0.34 0.20 
37 0.29 0.27 — 0.19 ~ 
20 1.40 — 1.90 — 1.30 - 
1 0.71 0.06 — 0.62 
Muscle tissue 21 2 fd 0.33 1.60 _ 0.35 3.00 —- 0.0 0.0 - 
37 0.12 0.32 — 0.07 0.28 — 0.0 0.0 — 
20 3.90 4.30 — 2.70 3.90 — 7.50 7.70 - 
1 1.50 4.70 0.60 1.30 2.10 5.50 


* Incubated anaerobically. 


+ Only one sample contained a sufficient number of organisms to be counted while in the remaining two samples organisms 


were detected only by using enrichment media. 


agar containing 0.02 per cent sodium azide. These 
plates were incubated for 7 days at the same tempera- 
tures and oxygen tensions as the enrichment tubes 
which served as sources of inoculum had been held. 

An attempt was made to identify the organisms iso- 
lated in accordance with Bergey’s scheme of classifica- 
tion (Breed, Murray and Hitchens, 1948). In addition, 
the proteolytic properties of the isolates were studied 
so that their role as potential spoilage organisms could 
be tentatively evaluated. This was accomplished by 
observing the reactions obtained in litmus milk, nu- 
trient gelatin, cooked meat medium, and Loeffler blood 
serum medium. 


RESULTS 


Bacteria were isolated from 15 out of 23 lymph 
nodes, from 3 out of 23 marrow samples and from 2 out 


TABLE 2. Distribution of genera isolated from beef lymph nodes, 
bone marrow and muscle tissue 


NUMBER OF SAMPLES FROM WHICH 
Genus i... 
Nodes Bones Muscle 
Alcaligenes*......... 6 5 
Bacteroides.......... 1 1 
Clostridium*......... 4 2 
Corynebacterium. ..... 4 3 1 - 
Escherichia.......... 18 11 — 
Flavobacterium*....... 5 4 — - 
Micrococcus. ......... 2 
Pseudomonas*........ 8 2 1 2 
Serratia*. . . 2 1 — 
Streptococcus*....... 31 13 — 2 


* Showed marked proteolytic properties 
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were observed in the case of one bone marrow sample 
and the two meat samples, all of which contained mem- 
bers of the genus Pseudomonas capable of growing at 
low temperatures. Those isolated from the meat did 
not grow at 37 C and were inhibited by horse blood, 
while streptococci present in the samples grew well 
under these conditions. Thus growth was observed on 
blood agar and North agar but not on EMB agar at 
37 C, while the highest counts for these samples were 
obtained on EMB agar at lower temperatures. 

Counts made from plates incubated anaerobically at 
37 C were usually lower than those from plates incu- 
bated aerobically at this temperature. Such results are 
not surprising, since subsequent investigation revealed 
that 85 of the 93 isolates were facultative anaerobes, 
some of which grew more abundantly aerobically, 3 
were microaerophiles and the remainder were obligate 
anaerobes. 

The bacteria isolated from the various samples repre- 
sented 12 genera. These genera are listed in table 2, 
together with the number of isolates belonging to each 
genus and the distribution of the organisms in the 
samples. 

Of the 93 organisms isolated, 31 were classified under 
the genus Streptococcus. Six of these resembled S. faeca- 
lis while 9 appeared to be strains of S. liquefaciens. A 
number of strains belonging to the viridans and pyo- 
genic groups were isolated, as well as two strains of 
obligately anaerobic streptococci. A number of strains 
could not be assigned to these groups. 

Coliform bacteria were encountered frequently in 
this study, 28 isolates having been recovered. Eighteen 
of these were strains of Escherichia coli and EF. freundii, 
6 were identified as strains of Aerobacter cloacae, and 
the remainder resembled A. aerogenes. 

Other gram-negative rods belonged to the genera 
Pseudomonas, Alcaligenes, Flavobacterium, Serratia and 
Proteus. The Pseudomonas isolates produced a fruity 
odor in culture and did not elaborate a diffusable 
pigment, thus resembling some organisms isolated by 
Sulzbacher (1950) from frozen pork. Members of the 
genus Alcaligenes were identified as A. bookeri, A. metal- 
caligenes and A. faecalis. The isolates belonging to the 
genera Flavobactcrium and Serratia were not completely 
identified. The Proteus species were identified as P. 
vulgaris and P.. morganit. 

An interesting comparison may be made between the 
results obtained during this investigation and the data 
published by Adamson (1949) and Jensen and Hess 
(1941). For example, the flora of the bovine lymph 
nodes examined were similar in morphology to those 
of the human lymph nodes studied by Adamson, the 


+ predominant bacteria being gram-negative rods and 


gr:im-positive cocci. Furthermore, no gram-positive 
aerobic spore-forming rods were isolated in either of 
these two cases. Again, the muscle tissue and bone 


marrow of these cattle appeared to be relatively free of 
bacteria, unlike those of the slaughtered hogs studied 
by Jensen and Hess. These authors believe that the 
manner in which hogs are slaughtered offers ample 
opportunity for the hematogenous distribution of the 
organisms to such tissues. If this be the case, the 
scarcity of bacteria in the cattle may have been partially 
due to the differences in the method of slaughtering, 
since cattle are first stunned by a blow on the head 
before being stuck. Thus, they are unable to retract 
their heads ‘and withhold blood as hogs often do, a 
fact believed by Jensen and Hess to be an important 
factor in the contamination of such hogs’ tissues by 
bacteria introduced into the blood through the stick 
wound. 


SUMMARY AND CONCLUSIONS 


While a majority of the popliteal and prescapular 
lymph nodes examined during this study contained 
Gram-negative rods, Gram-positive cocci, diphtheroids 
and several types of anaerobes, only a few of the 
samples of bone marrow and muscle tissue appeared 
to harbor bacteria. Many of the isolates were proteolytic 
as shown by their ability to liquefy gelatin and blood 
serum, peptonize milk and digest the meat in tubes of 
cooked meat medium. The proteolytic nature of these 
organisms, together with their ability to grow anaero- 
bically and at a wide range of temperatures, suggest 
that they might be capable of producing a deep spoilage 
in carcasses that are inadequately refrigerated. Further- 
more, the large numbers of organisms in the lymph 
nodes suggests that these tissues may be the point from 
which deep spoilage in beef arises. 
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